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ABSTRACT 


A survey  of  the  problem  of  the  selection  of  measurements  is 
presented.  The  Mahalanobis  distance  is  introduced  as  a selection 
criterion,  and  approached  from  an  algebraic  point  of  view.  A new  method 
for  updating  the  inverse  of  a positive  definite  matrix  is  derived,  and 
applied  to  the  selection  problem.  Two  interactive  procedures  are 
developed  and  used  in  experiments  with  the  classic  problem  of  Fisher, 
with  high-resolution  radar  images,  and  with  aircraft  photographs. 


Moments  are  used  as  features  in  the  last  two  experiments. 
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NOTATION  AND  TEI^MS 


X (lower  case  iinderlined  letter) 


I |xl L (=  X -x) 


A (upper  case  underlined  letter) 


colvunn  vector 


transpose  of  x 


naturaO.  2-norm  of  x 


meaui  vector  of  the  i-th  class 


matrix 


transpose  of  A 
determinant  of  A 


inverse  of  A 


covariance  matrix  of  the  i-th 


class 


complex  Foiirier  matrix 
Hermitean  transpose  of  F 
i-th  class  (a  set  of  patterns) 
probability  density  function 


p(x/tu^) 


rj(i) 


conditional  probability  density 

function  of  x given  u)^ 

average  loss  incurred  by  classifying 


X in  class  u). 


Unless  otherwise  specified,  all  numbeis,  vectors,  and  matrices  are 
real,  and  all  matrices  are  sqxiare. 

The  terms  "measurement"  smd  "component"  are  used  interchangeably; 
likewise,  the  terms  "pattern"  and  "(measurement)  vector"  are  substituted 
indifferently  for  one  another. 
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As  used  in  the  text,  a principal  submatrix  of  a matrix  A is  a 
matrix  of  dimension  inferior  or  equal  to  the  dimension  of  A,  and  the 
diagonal  elements  of  which  are  diagonal  elements  of  A. 


CHAPTER  1 


INTRODUCTION 
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The  recognition  of  patterns  is  a basic  act  of  human  life,  indeed, 
of  animal  life.  The  duplication  of  this  activity  in  a machine  has  been 
the  object  of  numerous  studies,  and  the  number  of  publications  dealing 
with  this  problem  has  been  steadily  increasing  over  the  past  decade. 

Three  stages  can  be  distinguished  in  a typical  pattern  recognition 
process:  feature  extraction,  measurement  selection,  and  measurement 
classification.  This  study  attempts  to  provide  a new  solution  to  the 
second  problem,  the  selection  of  measurements.  Since  no  stage  can  be 
examined  independently  of  the  others,  consideration  is  given  to  the 
other  two  problems  as  well,  but  only  in  the  measure  where  they  influence 
decision  processes  in  the  selection  problem.  Various  authors  have 
extensively  surveyed  the  field  of  pattern  recognition  ([14],  [19],  [23]). 
A detailed  review  of  contributions  to  the  subject  can  be  found  in  an 
article  by  Das  Gupta  [9] . 
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CHAPTER  2 


SELECTION  OF  MEASUREMENTS 

2.1.  Desirability  of  a Selection 

The  question  might  arise  as  to  why  a selection  of  measurements  is 
desirable.  As  answers  to  this  question  are  of  obvious  importance  in  the 
design  of  a selection  scheme,  some  are  presented  below. 

First,  not  all  the  measurements  are  necessarily  useful  to  classifi- 
cation. Indeed,  if  the  distribution  of  a measurement  is  the  same  for 
all  pattern  classes,  that  measurement  is  useless  for  the  purpose  of 
discrimination.  Though  this  can  be  avoided  by  a careful  design  of  the 
feature  extraction  scheme,  a priori  information  about  the  data  to  be 
classified  may  be  insufficient,  or  the  features  may  be  too  difficult 
to  interpret  (as  in  the  case  discussed  in  Chapter  5) . 

Secondly,  an  excess  of  measurements  can  cause  difficulties  during 
a training  process.  As  only  a limited  set  of  patterns — the  training 
set — is  available  during  training,  the  number  of  measurements  can  reach 
or  exceed  the  number  of  training  samples.  This  results  in  a classifier 
being  sensitive  to  the  separation  of  sample  patterns  instead  of  to  the 
distributions  the  latter  should  represent.  In  the  particular  case  of 
a linear  decision  function,  this  corresponds  to  the  fact  that,  if  the 
patterns  are  well-distributed  (i.e.,  in  general  position),  there  exists 
a linear  dichotomy  separating  any  two  given  distinct  subsets  of  the 
training  set  [21,  pp.  58-60].  As  an  enlargement  of  the  training  set  is 
not  always  possible,  it  may  be  necessary  to  reduce  the  number  of 
measurements . 
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A third  answer  is  economy.  Processing  a large  number  of  measurements 
is  costly  in  terms  of  computation  time,  storage  memory,  and  communication 
channels.  Likewise,  performing  the  measurements  might  require  expensive 
sensors  and  exert  a perturbing,  if  not  disrupting,  influence  on  the 
process  to  be  measured.  Thus  it  is  desirable  that  the  number  of  measure- 
ments be  limited  to  the  minimum  necessary  to  insure  proper  classification. 

In  fact,  one  is  often  forced  to  trade  low  error  rates  for  reduced  number 
of  measurements. 

2.2.  Selection  Criteria  and  Methods 

In  order  to  carry  out  a selection  procedure,  some  criterion  of 
choice  is  needed.  In  general,  given  a set  of  N measurements,  a subset 
of  Nj  (N^  < N)  measurements  will  be  chosen  such  that  no  other  subset  | 

yields  better  results,  according  to  some  definition  of  a "good  result." 

This  problem  is  often  constrained  by  the  condition  that  the  chosen  | 

subset  does  not  contain  more  than  a given  limit  number  of  measurements.  | 

i 

The  selection  procedure  depends  on  the  definition  of  a "good  subset"  , 

which,  in  turn,  often  depends  on  the  type  of  classifier  to  be  ultimately  ' 

used.  Consequently,  there  exists  a variety  of  criteria,  each  resulting  | 

J 

in  a different  selection  procedure.  Some  of  these  are  examined  below.  I 

The  optimal  strategy  can  be  defined  as  that  incurring  the  minimum  \ 

i 

loss.  This  is  the  basis  of  the  Bayes  strategy,  widely  used  in  pattern  j 

i 

classification  [21,  Chapter  4].  When  such  a classifier  is  to  be  used, 
the  selection  criterion  is  naturally  derived  from  it.  Therefore,  a 
subset  of  measurements  will  be  said  to  be  better  than,  and  will 
consequently  be  preferred  to,  another  subset  if  the  average  loss 
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associated  with  its  choice  is  less  than  that  associated  with  the  choice 


of  the  other  subset.  The  average  loss  incurred  when  classifying  a 


pattern  can  be  expressed  as  follows.  Let  M denote  the  number  of  classes. 


0)^  be  the  set  of  all  patterns  pertaining  to  class  i,  and  £ be  an  unknown 


measurement  vector;  finally,  let  denote  the  loss  incurred  when 


classifying  a pattern  of  class  i into  class  j . Then  the  average  loss 


associated  with  the  classification  of  a pattern  into  class  j is  given 


IM 

r.  (x)  = y L.  . p(a).  /x) 


(2.2-1) 


and  the  classification  strategy  is  to  assign  3C  to  class  j if  r^ (£) 


< r^(£),  for  all  i different  from  j.  The  coefficients  can  usually 


be  taken  as: 


L.  . = 1 - 6.  . 
ij  iJ 


(2.2-2) 


where  6^^  is  the  Kronecker  function;  (2.2-1)  then  reduces  to: 


■■j'-’  ° pW 


= 1 - 


(2.2-3) 


where  use  has  been  made  of  Bayes'  formula.  When  used  for  classification. 
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(x)  can  be  simplified  by  dropping  the  terms  independent  from  the  class 
index.  Thus  (2.2-3)  finally  becomes: 

rj(x)  = -p(x/cUj)  •p(u)j)  (2.2-4) 

It  is  noted,  however,  that  the  assumption  of  (2.2-2)  cannot  always  be 

made.  As  an  example,  consider  a medical  application  where  the  classifier 

attempts  to  distinguish  healthy  persons  from  unhealthy  ones.  Clearly, 
the  loss  associated  with  the  classification  of  an  ill  subject  as  healthy 
is  much  higher  than  that  associated  with  the  reverse  case.  In  such 
cases,  equation  (2.2-1)  must  be  retained  in  spite  of  its  higher 
complexity.  j 

The  problem  encountered  in  implementing  a Bayes  classifier  is  the 
estimation  of  the  probability  density  functions,  p(u)^)  and  p(£/a)^). 

This  problem  becomes  even  worse  in  a selection  process  as  the  measurement 
vector,  X,  is  then  of  variable  dimensionality.  Indeed,  the  problem  is, 
in  most  cases,  intractable.  However,  solutions  exist  in  the  case  of 
some  special  distributions,  in  particular  normal  £ind  Poisson  distribu- 
tions [1].  It  will  be  recalled  that  a normal,  or  Gaussian,  process  is 
entirely  characterized  by  its  mean  and  covariance  matrix  (i.e.,  by 
statistical  moments  of  the  first  and  second  order).  Let  m be  the  mean 
vector  and  C the  covariance  matrix;  then  the  probability  density  function 
of  a normal  distribution  is  given  by: 

p(x)  = 2(it)‘"/^  exp  { -j  (.X-  m)''’  C‘^  (x  - m)  } (2.2-5) 
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where  |£|  denotes  the  determinant  of  £.  When  this  is  substituted  in 
(2.2-4),  and  after  some  manipulations,  the  following  decision  function 
is  obtained  [21,  p.  121]: 

d,(x)  = in  pCoj.)  - j in  IcJ  - y (X  - m cT^  (x  - m.)  (2.2-6) 

j JJ  j 

where  the  mean  vector  and  covariance  matrix  have  been  indexed  to  indicate 
their  relation  to  class  j , Both  the  mean  vector  and  the  covariance 
matrix  can  be  easily  estimated  from  a training  set;  the  class  probability 
can  be  derived  by  observation  of  sample  data.  Thus  the  Bayes  decision 
rule  can  be  implemented  for  normal  pattern  distribution  with  a minimum 
of  complexity  (see  [2],  [9]).  The  probability  of  misclassification, 
however,  remains  a highly  complex  function,  unless  more  restrictions  are 
imposed  [7]. 

Thus,  most  investigations  in  the  field  of  measurement  selection 
based  on  Bayes'  probability  of  error  have  assumed  normal  distributions 
with  equal  covariance  matrices — in  which  case  the  decision  functions 
are  linear  [21,  p.  121]. 

A second  type  of  criterion  is  based  upon  the  results  of  information 
theory  and  tends  to  minimize  the  correlation  between  components  in  order 
to  minimize  the  redundancy  of  the  measurements.  This  can  be  achieved 
in  two  ways.  The  first  is  not  properly  a selection  procedure  but 
rather  a reduction  of  dimensionality  and  uses  the  Karhunen-Loeve 
expansion  to  decorrelate  the  components  of  the  measurement  vector.  The 
result  is  a rotation  in  the  measurement  space;  the  new  components, 
linear  combinations  of  the  originals,  can  then  be  selected  on  an 
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individual  basis.  The  second  approach  is  sequential  and,  starting  with 
an  arbitrary  choice,  selects  at  each  step  the  component  least  correlated 
with  those  already  chosen. 

The  third  major  category  includes  distance  criteria.  Measurements 
are  selected  which  maximize  some  type  of  distance  between  the  classes 
of  patterns.  In  order  of  increasing  complexity,  the  following  measures 
are  commonly  used:  Euclidean  distance,  Mahalanobis  distance,  and 
Bhattacharyya  distance.  Given  two  patterns,  ^ and  the  Euclidean 

distance  is  given  by: 

P 

dg(x,^)  = yCx  - ^)'^(x  - X)  (2.2-7) 

Given  a class  characterized  by  its  mean  vector,  m^,  and  covariance 
matrix,  £^,  the  Mahalanobis  distance  from  the  pattern  jc  to  the  class  i 
is  given  [17]  by: 

dM(x,aJi)  = \/(x  - m.)”^  C’^  (x  - m.)'  (2.2-8) 

This  is  recognized  as  the  square  root  of  the  exponent  of  the  normal 
probability  density  function  of  (2.2-5).  Finally,  given  two  classes  given  by 
their  probability  density  functions,  Pj(2t)  and  P2(x.)»  the  Bhattacharyya 
distance  between  the  classes  is  defined  as: 

‘^B^Pl’  ^2^  * j \/Pi^£5  ’ *^21  (2.2-9) 
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This  is  a measure  of  divergence  between  the  two  distributions,  and 
^2')  the  integral  can  be  interpreted  as  giving  the  cosine  of  the  "angle" 
between  the  distributions  [19] . 

These  three  measures  have  different  properties  and  do  not  measure 
distances  between  the  same  objects.  Each,  however,  is  a special  case 
of  the  next.  The  Bhattacharyya  distance  is  the  most  efficient  criterion 
of  the  three  for  selection.  Unfortunately,  it  requires,  as  the  Bayes’ 
criterion,  the  estimation  of  the  density  functions.  In  the  case  of 
normal  distributions,  it  reduces  to  the  Mahalanobis  distance,  which  is 
more  tractable.  Finally,  when  the  covariance  matrix  is  the  identity 
matrix,  the  Mahalanobis  distance  degenerates  into  the  Euclidean  distance. 

Other,  more  specialized  criteria  have  been  proposed  to  fulfill 
particular  requirements.  All  of  these  criteria  result,  in  practice,  in 
selections  that  are  better — in  terms  of  classification  performance — than 
trivial  random  selections. 

This  study  proposes  the  use  of  the  Mahalanobis  distance  as  a 
selection  criterion  for  several  reasons  that  are  noted  in  the  following 
section. 

2.3.  Mahalanobis  Distance  as  a Criterion 

Considered  as  a distance  measure,  the  Mahalanobis  distance  presents 
numerous  advantages.  First,  it  is  a true  metric  in  real  space;  that  is, 
it  is  positive  (or  zero,  which  correctly  implies  that  the  two  considered 
vectors  are  identical),  and  it  obeys  the  triangle  inequality.  Moreover, 
this  measure  stays  invariant  under  general  nonsingular  linear  transforma- 
tions [6],  whereas  the  Euclidean  distance,  for  instance,  is  invariant 


only  under  unitary  transformations  (i.e.,  rotations).  In  particular, 
this  makes  scaling  unnecessary,  as  it  would  not  affect  the  measure. 
(Scaling  might  be  necessary,  however,  for  computational  reasons.) 

Finally,  as  a consequence  of  the  adjove,  it  is  seen  that  the  Mahalanobis 
distance  measure  has  a "built-in"  scaling  which  weighs  the  Euclidean 
distance  by  the  set  variance  along  the  axis  of  measure.  This  is 
important  in  two  respects.  First,  measures  tadcen  in  disproportioned 
units  are  considered  only  as  relative  variations  and  thus  rescaled. 

More  significantly,  the  spread  of  the  sets  is  taken  into  account,  as 
illustrated  in  Figure  la  and  lb.  In  these  figures,  the  three  mean  points 
are  at  fixed  Euclidean  distances  of  each  other.  Consequently,  according 
to  a Euclidean  measure,  the  pattern  P would  be  said  to  be  closer  to  the 
mean  in  both  cases.  It  is  apparent,  however,  that  a Mahalanobis 
measure  would  result  in  two  different  conclusions,  in  accordance  with 
intuitive  reasoning. 


Figure  1.  Illustration  of  the  role  of  spread  in  distance  measurement. 
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Thus  the  use  of  second  statistical  moments  allows  a refinement  of 
the  notion  of  distance.  Though  higher  order  statistical  moments  could 
be  used  (for  non-Gaussian  data) , as  is  the  case  with  the  Bhattacharyya 
distance,  the  second-degree  approximation  of  the  Mahalanobis  distance 
constitutes  a satisfactory  description  of  the  situation  in  most  cases. 

Selection  procedures  usually  involve  several  classes  of  patterns. 
The  problem  is  how  to  characterize  interclass  distances  with  Mahalanobis 
distances.  Let  each  class  be  described  by  its  mean  m^  and  covariance 
matrix  £^.  Then  the  distance  between  classes  i and  j can  be  measured 
in  two  ways,  in  terms  of  their  respective  means  and  covariance  matrices. 
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Depending  on  the  spread  of  the  classes,  these  two  measures  can  be 
considerably  different,  as  illustrated  in  Figure  2.  A better  characteri- 
zation of  the  interclass  distance  would  be  the  average  of  the  two 
measures,  that  is,  the  double  of  the  distance  from  the  median  of  the 
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segment  nij^  nK  (in  terms  of  Mahalanobis  distance)  to  either  class.  A 
rapid  calculation  shows  this  to  be  the  harmonic  mean  of  the  two  distances: 


d. . aver.  = 2 d..d. ./(d..  + d. .)  (2.3-2) 

13  31  13  31  13^ 

Thus,  as  would  be  expected,  the  average  of  the  two  disteunces  is  closer 
to  the  smaller  of  the  two. 

For  more  than  two  classes,  however,  the  case  is  more  complex.  The 
average  interclass  distance  should  possess  a property  similar  to  the 
harmonic  mean  of  equation  (2.3-2)  so  that  excessively  large  distances 
do  not  completely  override  smaller  ones.  There  are,  for  N classes, 
N*(N-l)/2  interclass  distances  (or  N*(N-1)  if  measured  as  in  equation 
(2.3-1)).  There  is  no  point  in  using  (2.3-2)  anymore;  rather,  two 
possibilities  are  left.  The  first  is  almost  simplistic  and  involves 
taking  the  arithmetic  mean  of  the  N*(N-1)  distances  computed  as  in 
(2.3-1).  The  second  approach  is  a generalization  of  the  Mahalanobis 
distance  to  the  multiclass  case,  yielding  a unique  measure  of  average 
class  separation,  based  upon  scatter  matrices  introduced  by  Wilks  (see 


[1],  [6]). 

Let  0)^,  i»l,  ...,  M,  denote  M classes,  each  comprised  of  vectors 
of  measurements;  then  define: 

m.  ■ y X mean  vectors 
—1  N . — 

1 xeu). 

— 1 

W.  * y (x  - m.)(x  - m.)  within-class  scatter  matrices 
—1  ^ 
xeu. 

— 1 
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M 

W = y W.  total  within-class  scatter  matrix 
— . 1 
i“l 

M - 

B » y N.m.m.  between-classes  scatter  matrix 
— 1—1—1 
1=1 


(2.3-3) 


W is  also  referred  to  as  the  pooled  covariance  matrix  [10].  Finally, 
define  the  following  measure: 

d^  = tr(w’^  • B)  (2.3-4) 

where  tr  denotes  the  trace  of  the  matrix.  This  measure  is  the  natural 
extension  of  the  Mahalanobis  distance  to  a multiclass  case.  This  is 
more  easily  understood  by  noting  that  (2.3-4)  can  be  rewritten  as 
follows: 

2 1 1 ^ T 

d^  » tr  (w'  • ^)  = tr(w’^  • y N.m.m.  ) 

i=l 

M ^ M I *T» 

= tr  ( y N.W^"  ) = y N^^tr  (W*  * Ei  * Ei  ^ 

i=l  ^ i=l 

which  finally  yields: 

5 M , 

d = y N.m.  W"  m.  (2.3-5) 

i»l  ^ 

The  analogy  of  (2.3-S)  with  the  Mahalanobis  distance  defined  in  (2.2-8) 
is  evident. 
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The  selection  of  measurements  according  to  the  criterion  of  maximum 
interclass  distance  then  requires  the  evaluation  of  either  (2.3-1)  or 
(2.3-S)  for  each  subset  of  components;  this  in  turn  necessitates  the 
updating  of  the  inverse  matrix  £ ^ (or  W as  rows  and  columns  are 

from,  (or  W ) . Thus  an  algebraic  study  of  the 
seems  appropriate. 


added  to,  or  deleted 
Mahalanobis  distance 


I 
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CHAPTER  3 

ALGEBRAIC  APPROACH  TO  THE  MAHALANOBIS  DISTANCE 


3.1. 

As  mentioned  in  the  previous  chapter,  the  selection  of  measurements 
using  the  interclass  Mahalanobis  distance  as  a criterion  involves  the 
computation  of  the  inverse  of  various  submatrices  of  the  covariance 
matrix.  As  the  inversion  of  a matrix  is  a lengthy  process,  some  kind 
of  recursiveness  would  be  desirable;  this  would  have  the  further 
advantage  of  providing  some  insight  into  the  selection  problem. 

The  properties  of  the  covariance  matrix  simplify  the  problem 
considerably.  The  sample  covariance  matrix  may  be  computed  by  using 
the  following  definition  [21,  pp.  137-139]: 


Updating 

Matrix 


the  Inverse  of  a Positive-Definite 


C 


1_ 

N 


T 

I (x.  - m)(x.  - m) 
i*l  ^ ^ 


C3.1-1) 


where  m denotes  the  mean  of  the  set  and  x^^,  i=l,  ...,  N,  are  the 

patterns  in  the  set.  (This  is  the  so-called  maximum  likelihood 

estimator.)  Thus  the  sample  covariance  matrix  is  guaranteed  to  be 

real  symmetric  and  positive  semidefinite  (since  any  matrix  of  the  type 
T 

A*A  is  positive  semidefinite  and  since  the  sum  of  positive  semidefinite 
matrices  is  a semidefinite  matrix  [5],  [18]).  The  true  covariance 
matrix  is  known  to  be  positive  definite  [1];  the  sample  covariance 
matrix  is  guaranteed  to  be  so  under  certain  conditions  [1],  [8]. 

14 
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Positive  definite  matrices  possess  a number  of  interesting  properties; 
those  of  interest  to  the  present  discussion  are  enumerated  below: 
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-a-  The  inverse  of  a positive  definite  matrix  exists  and  is 
itself  positive  definite 

-b-  Any  principal  submatrix  of  a positive  definite  matrix  is 
itself  positive  definite;  in  particular  all  diagonal 
elements  are  real  positive 

-c-  A positive-definite  matrix  possesses  a Cholesky  decomposi- 
tion; i.e.,  there  exists  a lower  triangular  matrix  with 

real  elements  (positive  on  the  diagonal)  such  that  the 
T 

product  is  equal  to  the  matrix  in  question. 


(3.1-2) 


Demonstrations  of  these  various  properties  can  be  found  in  most  books 
on  linear  algebra  [5],  [18],  [22]. 

Property  (3.1-2-b-)  guarantees  that  submatrices  of  the  covariance 
matrix  will  also  give  rise  to  positive  definite  quadratic  forms.  This 
proves  the  statement  made  in  the  previous  chapter  (section  2.3)  about 
the  metric  property  of  the  Mahalanobis  distance. 

Of  particular  interest  is  the  fact  that  the  inverse  of  a positive 
definite  matrix  can  be  easily  updated  when  either  a rank-one  matrix  is 
added  to  the  positive  definite  matrix  [4]  or  a row  and  a column  (or 
several  rows  and  several  columns)  are  added  to  the  original  positive 
definite  matrix,  as  demonstrated  below. 


J 


Let  C and  be  positive  definite  matrices  of  dimension  n and  k 
respectively,  and  such  that  is  a principal  submatrix  of  C.  Without 
loss  of  generality,  can  be  taken  as  the  upper  left-hand  principal 
submatrix.  Let  C ^ and  ^ denote  the  inverse  of  ^ and  respectively , 

and  let  C"^  be  partitioned  in  a manner  analogous  to  C: 


c = 

|x 

1 

. £ ^ = 

■ U V ■ 

[ Y _ 

1 

T 

_ V W _ 

(3.1-3) 


By  property  (3.12-a-b)  Y and  W are  positive  definite  and  possess  inverses, 
Y"^  and  W"^  respectively.  X and  V are  k x (n-k)  rectangular  matrices. 

By  definition,  C*C’^  » I . This  can  be  rewritten  as  follows; 


r X ' 

• 

■ u 

V * 

lo 

- « 

!■< 

T 

V 

W 

0 I 

which  yields  three  matrix  equations  in  three  unknowns,  U,  V,  and  W (a 
fourth  equation  is  redundant). 
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Multiplying  the  first  two  equations  by  on  the  left,  and  the  third  by 
on  the  left  yields: 

, y + =0  C3.1-6) 

-IT  -1 

l^w  > Y '-x^-y*  Y " 

Finally,  using  the  second  equation  in  the  third  and  in  the  first,  and 
since  W is  known  to  exist  and  to  be  positive  definite,  the  following 
solution  is  obtained: 

- X-Y-^  X^)'^  = + (^^•X)-W-(^^-X)'^ 

y=-^^*X*W  (3.1-7) 

= (Y  - X^-^^-X)'^ 

In  particular,  if  k = n-1,  X and  y reduce  to  the  vectors  x and  v and 
Y and  W reduce  to  the  scalars  a and  6 so  that: 


' C,  X 
— 

--1 

1 

|C 

l< 
1 

s 

T 

T o 

. £ “ . 

. 1 ® - 

(3.1-8) 


and  the  system  (3.1-7)  reduces  to  the  following: 
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V = (3.1-9) 

^6  » l/(a  - x^’Cj^^'x) 


The  system  (3.1-9)  provides  a fast  and  efficient  method  for  updating  the 
inverse  of  a positive-definite  matrix  when  the  latter  is  augmented  by 
one  row  and  one  column.  Moreover,  if  no  a priori  knowledge  can  be 
assumed  about  the  augmented  matrix,  the  value  of  S provides  all  the 
necessary  information:  if  6 is  positive,  the  matrix  is  positive 
definite;  if  B is  infinite,  the  matrix  is  positive  semidefinite  singular; 
if  B is  negative,  the  matrix  is  indefinite. 

Both  (3.1-7)  and  (3.1-9)  can  easily  be  applied  to  quadratic  forms. 
Let  m be  an  n^l  vector  and  m^^  a k’<l  vector  formed  with  the  k first 
components  (again  this  is  assumed  without  loss  of  generality  as  the 
value  of  a quadratic  form  does  not  depend  on  the  arrangement  of  the 
components).  Thus: 


-n-k 


(3.1-10) 


T -1 

Now  the  quadratic  form  m •€  ‘m  can  be  rewritten; 
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r T 

T 

ru 

V ■ 

1 

m , 
n-k_ 

• 

L? 

W _ 

r 

1 

1 

= U . 2 m^-V-Vk  " Hn-k'^'Vk  ' 


T 

m , ‘W'm^ 


(3.1-11) 


Making  use  of  (3.1-7)  and  writing  the  Cholesky  decomposition  of  W: 
W * L'i7  , (3.1-11)  becomes: 

m^*£'^*m  = + !!!^_k*— *— "^‘Sn-k  * H!^*  ^ 


which  reduces  to: 


£ 'C'^'m  = ‘mij^  + 1 li.*  * I2  (3.1-12) 

2 T *1  2 

Denoting  by  the  quadratic  form  in  ‘in  and  by  d^  the  quadratic  form 

-m^  , (3.1-12)  can  be  reformulated  as: 


T T -1 


T .Tn2 


j2  .2  .2 

d * di  A t 

n k n-k 


(3.1-13) 


The  reduction  to  the  case  k = n-1  is  straightforward.  Let  u be  the  last 
component  of  m.  Then,  using  the  notation  of  (3.1-9),  the  equation  (3.1- 
reduces  to: 


m^*C"^*m  = + 6‘(n!^*^^*x  - y)^ 


12) 


(3.1-14) 
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To  the  knowledge  of  the  author,  equations  (3.1-12)  and  (3.1-14) 
represent  a new  result,  together  with  the  systems  (3.1-7)  and  (3.1-9). 
Equations  (3.1-12)  and  (3.1-14)  are  particularly  significant  in  relation 
with  the  selection  problem:  they  show  that  positive  definite  quadratic 
forms,  the  Mahalanobis  distance  (squared)  in  particular,  increase 

mohbtdhTcaTTy  as  new  j:pmpon_eDt:i._are_adjd.ed.Xthus  .the_.DrQcess.of-5&lectin5- 
a subset  of  components  can  only  decrease  the  separation  between  the 
classes).  Moreover,  these  equations  provide  a way  to  compute  the  change 
in  distaince  associated  with  the  addition  of  components  without  actually 
computing  the  new  inverse  matrix,  thus  obviously  saving  time  in  a 
selection  process.  Finally,  once  a selection  is  accomplished,  the 
inverse  matrix  can  be  rapidly  updated. 

The  matrix  equations  (3.1-4)  have  been  solved  for  an  updating  in 
the  direction  of  increased  dimension.  Though  this  is  likely  to  be  the 
most  commonly  encountered  situation,  it  is  also  desirable  to  derive 
solutions  for  an  updating  in  the  direction  of  decreased  dimension.  Thus 
must  be  expressed  in  terms  of  U,  V,  and  W.  This  is  presented  only 
for  the  case  of  k = n-1,  as  it  is  of  more  practical  interest  than  the 
general  case.  Two  of  the  three  equations  are  rewritten  for  k = n-1: 

r = i 

1^^-v  + 6*X  = 0 

Multiplying  both  on  the  left  by  yields: 
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which  can  be  rewritten  as: 

* E^*£  ^*E  ■ ■*■  (3.1-16) 

Equations  (3.1-15)  and  (3.1-16)  are  the  counterpart  of  system  (3.1-9) 
and  equation  (3.1-14).  All  the  remarks  made  above  concerning  the 
advantages  of  the  latter  also  hold  for  the  "downward"  updating  procedure. 
Thus  these  results  allow  for  an  overall  simplification  of  the  computa- 
tions involved  in  a selection  process. 


I 
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As  the  incorporation  of  all  measurements  results  in  the  maximum 
distance,  a computation  of  this  upper  bound  may  be  desirable.  This 
requires  the  evaluation  of  £"^;  as  the  value  of  the  upper  bound  should 
be  available  at  the  beginning  of  the  selection  process,  a stepwise 
computation  of  £ ^ is  not  efficient.  Several  methods  exist  for  the 
direct  calculation  of  the  inverse  of  a positive-definite  matrix  [6], 

[22].  Once  this  inverse  is  obtained,  however,  the  computation  of 
inverse  submatrices  might  not  be  necessary,  as  a corresponding  submatrix 
of  £ ^ could  directly  be  used.  This  possibility,  developed  below, 
presents  the  particularity  that  it  makes  a distance  computed  with  k 
measurements,  k < N,  dependent  on  all  initially  available  N measurements, 
with  the  risk  of  distorting  the  distance  measure  by  biasing  it  towards 
nonexistent  measurements. 

Using  this  measure  is  equivalent  to  setting  m , = 0 in  (3.1-12), 

n*  K 

thus  the  equation  becomes: 

^ (3.1-17) 

and,  in  the  case  where  k = n-1: 

d^^  - d^  ♦ 8(n^  ^^•x)2  (3.1-18) 

'2 

These  equations  show  the  new  measure,  d^  , to  be  always  larger  than  the 
equivalent  measure,  dj^,  which  uses  the  true  inverse  of  Cj^.  Therefore, 
this  new  measure  presents  a double  advantage:  better  separation  and  a 
single  inverse  matrix  computation.  It  is  noted,  however,  that  this 
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computation  may  not  always  be  possible,  for  reasons  of  computation  time, 
storage  memory,  and  rounding  errors. 

Unfortunately,  this  new  measure  does  not  increase  monptgnicaljy  as 
new  components  are  added.  Indeed,  using  the  notation  of  (3.1-12),  the 
relationship  between  the  distances  computed  with  n and  with  k components 
is  as  follows: 


+ 


T 


m 

-n- 


k 


(2-f -Ik  ‘ ll-Vk> 


and,  in  the  case  where  k =«  n-1: 


y(2*v‘*mj^ 


+ 


Q’V) 


(3.1-19) 


(3.1-20) 


Thus  added  components  may  actually  decrease  the  total  distance  and  the 
maximum  value  is  no  longer  necessarily  reached  by  using  all  components. 
This  measure  then  appears  as  less  representative  of  the  actual  situation 
than  the  other;  nevertheless,  its  computational  advantages  way  outweigh 
this  problem. 

3.2.  Geometric  Interpretation 

The  results  of  the  previous  section  can  be  better  understood  through 
the  use  of  a geometric  representation.  In  order  to  appreciate  the  full 
meaning  of  the  latter,  a few  remarks  are  necessary. 

It  is  known  from  matrix  theory  [18]  that  the  quadric  of  equation: 


T 

X ‘A'x  ■ constant 


(3.2-1) 


f 

f 
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r 

1 

1 

r where  A is  positive  definite,  represents  an  ellipsoid.  Moreover,  the 

w 

t 

problem  of  minimizing  |lx||2  subject  to  the  condition  (3.2-1)  is 

T 

equivalent  to  that  of  maximizing  jc  •A’x  subject  to  the  condition 
lliLll2  “ constant  [18,  p.  405].  Finally,  it  is  noted  that,  if  A = £”^, 
the  variance  in  the  direction  of  x is  given  by: 

1/0^ (C,x)  * x^*C"^*x/x^*x  (3.2-2) 

This  ratio  is  known  as  the  Rayleigh  quotient.  Thus  the  two  problems 
mentioned  above  are  equivalent  to  maximizing  the  Rayleigh  quotient,  or 
minimizing  the  variance,  along  all  axes. 

This  allows  a geometric  arrangement  for  interpreting  the  Mahalanobis 
distance:  the  quadric  (3.2-1)  is  drawn  for  an  arbitrary  value  of  the 
constant,  and  a line  segment  drawn  from  the  unknown  vector  to  the  mean 
of  the  class  (this  is  the  support  of  the  vector  ^ used  above) . The 
Mahalanobis  distance  is  then  directly  proportional  to  the  ratio  of  the 
Euclidean  distance  between  the  unknown  vector  and  the  mean  of  the  class 
(i.e.,  Y x^- £ ) to  the  radius  of  the  quadric  in  this  direction.  (If  the 
quadric  is  drawn  for  a constant  value  of  1,  this  radius  is  the  standard 
deviation  of  the  set  in  this  direction,  and  the  Mahalanobis  distance 
is  directly  equal  to  the  ratio  defined  above.)  This  is  illustrated  in 
Figure  3.  By  using  this  representation,  it  becomes  possible  to 
illustrate  geometrically  the  results  of  section  3.1. 


r 
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dj^(Mp)  o MP/MR 

Figure  3.  Illustration  of  the  Mahalanobis  distance. 

First,  consider  Figure  4.  The  point  M is  the  mean  of  the  class, 
and  the  point  P is  the  unknown  pattern.  The  coordinates  of  these  two 
points  on  both  axes  are  denoted  by  a subscript  x or  y.  The  Mahalanobis 
distance  using  both  x and  y components  is  proportional  to  dg(M,P)/dg(M,I) ; 
using  only  the  x component,  the  distance  is  proportional  to  d_(M  ,P  )/ 
d_(M  ,I  ),  where  I is  not,  in  general,  the  x-coordinate  of  I.  Since 

M X X X 

I is  always  situated  between  P and  the  projection  of  I on  the  x axis, 
elementary  geometry  insures  that  the  measure  using  both  components  is 
always  larger  than  that  using  only  the  x component.  (Similar  reasoning 
can  be  held  for  the  y component.)  Equality  occurs  when  the  principal 
axes  of  the  ellipsoid  are  parallel  to  the  coordinate  axes  and  MP  is 
along  one  of  the  axes  (i.e.,  is  diagonal  and  x has  only  one  nonzero 
component) . 

Then  consider  Figure  5.  As  the  original  covariance  matrix  is  kept, 
the  result  is  that  the  original  quadric,  not  its  projection,  is  used  as 
a measure  of  spread.  Clearly,  the  ratio  d_(M,P  )/dp(M,I')  is  always 
larger  than,  or  equal  to,  the  ratio  dp(M  ,P  )/d_CM  ,I  );  the  same  remark 
holds  for  measures  along  the  y-axis.  It  is  noted  that  the  ratio 
dg(P^,M)/dg(M,Ip  is  even  larger  than  the  ratio  dg(P,M)/dgCM,I) , 
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meaning  that  the  maximum  of  this  second  type  of  measure  is  not  reached 
r when  using  both  components,  but  when  using  the  x component  alone. 

However,  in  a multiclass  case,  an  increased  distance  does  not 
imply  better  classification  performance,  at  least  when  using  classifiers 
of  the  minimum  distance  type.  This  is  due  to  the  fact  that  only  ratios 
change;  the  actual  information  available  constantly  decreases  when 
components  are  removed. 


CHAPTER  4 

i 

i * INTERACTIVE  SELECTION  PROCEDURE 

t 4.1.  Optimal  and  Suboptimal  Searches 

The  problem  of  selecting  the  "best"  subset  of  components  is  a search 

problem.  That  is  to  say,  it  requires  the  evaluation  of  each  possible 

subset  against  the  chosen  criterion  and  then  the  choice  of  the  most 

satisfactory  subset.  However,  for  a set  of  N measurements,  there  are 
N 

2 -1  non  empty  subsets;  thus  the  number  of  possible  subsets  gets  rapidly 

out  of  hand.  Even  when  the  choice  is  limited  to  subsets  of,  say,  k 

possible  subsets.  To  appreciate  the 

N 

size  of  these  numbers,  let  N = 50  and  k = 20;  then  2 -1  is  of  the  order 
of  10^^  and  of  the  order  of  10^^.  These  are  clearly  forbidding 
numbers;  thus  an  exhaustive  search  is,  for  all  practical  purposes, 
impossible. 

An  attractive  solution  is  the  stepwise  search,  in  which,  at  the 
k-th  step,  that  of  the  remaining  N-k  components  which,  when  added  to 
the  k already  selected,  yields  the  best  subset  of  k-i-1,  is  selected. 

To  obtain  k components,  this  method  will  require  N + (N-1)  + ...  + (N-k) 

» N(k+1)  - 1 - j k(k+3)  searches.  For  the  previous  example,  this  yields 
819  searches,  which  is  well  within  feasible  values.  Unfortunately,  such 
an  approach  does  not,  in  general,  yield  the  optimal  solution.  This  is 
a typical  feature  of  multivariate  problems,  where  the  interdependence 
of  the  various  parameters  requires  that  all  of  them  be  considered 
together.  In  the  particular  case  where  the  variables  are  statistically 


components,  there  still  are 
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independent,  a stepwise  procedure  will  yield  the  optimal  solution; 
otherwise,  nothing  can  be  said  about  the  value  of  the  selected  subset. 
(This  is  true  for  the  selection  problem,  but  not  for  the  feature 
ordering  problem — as  encountered  in  sequential  pattern  recognition — 
in  which  case  some  optimality  properties  can  be  demonstrated  [13]). 
Nevertheless,  stepwise  procedures  (also  called  sequential  procedures) 
constitute  the  only  tools  available  for  deterministic  selections. 

A sequential  selection  procedure  can  start  at  both  ends;  that  is, 
it  can  either  add  the  next  best,  or  delete  the  next  poorest,  measurement. 
These  two  methods  are  referred  to  as  forward  and  backward  sequential 
searches.  Stopping  criteria  must  be  provided  for  automated  search 
procedures  to  avoid  ending  with  a trivial  selection  (all  components  or 
none  at  all).  Such  criteria  are  chosen  in  accordance  with  the  selection 
strategy  to  determine  the  significance  of  prospective  new  measurements. 
Equipped  with  well-chosen  criteria,  sequential  methods  will  find 
suboptimal  solutions. 

All  selection  procedures,  however,  are  based  on  statistical 
strategies.  The  structural  information  which  may  be  available  is  not 
taken  into  consideration.  Other  choice  criteria,  such  as  cost  of 
measurement,  sensitivity  to  noise,  or  reliability  of  individual  measure- 
ments, are  difficult  to  incorporate,  despite  some  efforts  in  the  field 
of  dynamic  programming.  In  general,  the  above-mentioned  information, 
structural  in  particular,  cannot  very  well  be  fed  to  computers.  Human 
interpretation  is  necessary  at  this  level;  this  is  the  rationale  behind 
interactive  procedures. 
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Therefore,  it  seems  desirable  to  develop  a procedure  which  provides 
a human  user  with  all  the  facilities  of  automated  search  methods  and 
accepts  human  input  to  direct  the  use  of  searches. 

4.2.  Computational  Problems 

As  stressed  before,  the  computation  of  the  inverse  matrix,  £ ^,  is  a 
delicate  task  when  the  dimension  of  C is  large.  This  problem  is  further 
complicated  by  the  requirement  that  £'^  be  positive  definite  despite  the 
rounding  errors.  Unfortunately,  sample  covariance  matrices  are  often 
ill-conditioned,  due  to  the  lack  of  sample  vectors.  (In  this  respect, 

W — as  defined  by  (2.3-3) — is  likely  to  present  a better  behavior.) 

The  best  way  to  minimize  rounding  errors  is  to  use  the  Cholesky 
decomposition;  this  decomposition  is  very  stable  from  a numerical  point 
of  view.  The  quadratic  form  can  then  be  rewritten: 

d^  = = £^CL*i7)x^  = I I I2  (4.2-1) 

which  can  also  be  written; 

* I III  I2  • 1 (4.2-2) 

As  L is  lower  triangular,  ^ can  be  immediately  found  by  back- substitution 
This  method  has  the  added  advantage  of  insuring  that  the  quadratic  form 
will  be  nonnegative.  Unfortunately,  it  is  extremely  difficult  to 
introduce  a recurrence  (of  the  type  developed  in  section  3.1)  in  these 


formulas. 
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It  is  noted,  however,  that  the  updating  procedure  summarized  by 

equations  (3.1-9)  is  very  stable  and  presents  the  advantage  of  determining 

if  the  updated  inverse  is  positive  definite  (thanks  to  the  test  on  the 

value  of  6).  Thus  the  selection  process  will  not  be  more  sensitive  to 

the  condition  of  the  covariance  matrices  than  direct  inversion  procedures. 

Inverting  the  matrices  directly  might  still  be  desirable;  since  the 

estimation  of  the  distance  requires  more  operations  using  (4.2-2)  than 

by  straight  matrix  multiplication  using  the  inverse  matrix,  computation 

time  might  be  reduced  by  using  inverses.  In  such  a case,  it  usually 

T 

proves  better  to  invert  the  triangular  matrix,  ^ , than  the  original 

matrix  ([6],  [22]).  (This  can  be  related  to  the  fact  that  the  condition 

T 

number  of  £ is  the  square  of  that  of  £ .)  Nevertheless,  negative  values 
might  be  obtained  when  computing  distances.  IVhen  using  these  distances 
for  classification,  however,  the  problem  is  lessened  since  the  error 
introduced  in  the  measure  is  approximately  constant  and  thus,  within 
reasonable  limits,  should  not  change  the  classification. 

4.3.  Set-Up  of  the  Procedures 

Several  procedures  have  been  programmed  to  implement  interactive 
sequential  selection,  making  use  of  the  results  of  sections  2.3  and 
3.1.  Both  measures  of  average  interclass  distance — as  discussed  in 
section  2.3 — can  be  used;  it  was  felt  that  the  arithmetic  average  of 
all  interclass  distances  could  prove  useful  as,  with  the  same  set-up, 
selection  criteria  could  be  directed  towards  various  subsets  of  these 
distances  (an  unrealizable  option  while  using  the  generalized  measure). 
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Programs  were  designed  to  use  the  updating  procedures  described  in 
section  3.1.  An  additional  procedure,  using  the  arithmetic  mean 
criterion  and  working  with  the  large  inverse  matrices,  was  programmed, 
to  be  used  with  sets  of  reduced  dimension.  All  procedures  can  perform 
forward  and  backward  sequential  searches — though  the  backward  search 
can  only  start  from  the  point  reached  by  the  forward  search.  Variable 
thresholds  are  used  as  stopping  criteria,  either  in  absolute  or  in 
relative  value.  When  using  the  arithmetic  mean  criterion,  weights  can 
be  assigned  to  specific  distances  in  order  to  bias  the  search;  moreover, 
the  search  can  be  directed  to  try  to  isolate  a specific  class  or  to  use 
only  the  distance  between  a specified  pair  of  classes. 

The  results  of  the  selection  are  judged  by  attempting  to  classify 
the  training  patterns  (with  and  without  a jackknife)  and  patterns 
generated  by  slight  modifications  to  the  training  set.  It  will  be 
recalled  that  the  jackknife  procedure  consists  of  leaving  some  patterns 
out  of  the  training  set,  classifying  them  with  the  selection  obtained  by 
using  the  diminished  training  set,  and  repeating  the  procedure  until  all 
patterns  have  been  used.  In  the  absence  of  real  data,  the  jackknife 
method  allows  a more  realistic  estimation  of  the  performance  of  a 
recognition  system;  however,  it  is  a time-consuming  procedure. 

The  classifier  used  was  chosen  to  be  well  suited  to  the  selection 
criteria,  simple  (since  the  purpose  of  the  experiments  was  selection 
and  not  classification),  and  still  able  to  produce  good  results.  An 
obvious  choice  was  the  minimum  distance  classifier  (using  the 
Mahalanobis  distance),  which  assigns  a pattern  to  the  class — represented 
by  its  mean— closest  to  it. 


{ 

) 

I 


33 


The  programs  were  written  in  FORTRAN  V and  run  on  the  DEC-system  10 
computer  of  the  University  of  Tennessee,  with  an  allocation  of  65  k words 
of  main  memory. 


1 

1 

! 
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CHAPTER  5 


MOMENTS  AS  FEATURES 

As  mentioned  in  Chapter  1,  feature  extraction  is  the  first  stage 

i 

in  a pattern  recognition  process.  Thus,  in  order  to  test  the  selection 

procedures  developed  in  this  study  on  real  data,  some  method  of  feature 

i 

! extraction  must  be  chosen.  In  the  absence  of  any  information  concerning 

the  data,  global  feature  descriptors  are  more  desirable  than  local  ones; 
also,  some  properties  of  invariance  to  several  types  of  perturbation 
should  be  found  in  any  good  feature  descriptor. 

Moments  satisfy  all  these  requirements.  They  have  been  extensively 
used  in  classical  mechanics  and  statistics,  and  several  researchers  have 
used  them  for  pattern  recognition  purposes  ([11],  [16])-  It  will  be 

i 

[ recalled  that  the  moment  of  order  p of  a discrete  function  f(x)  over  a 

1 

I 

[ finite  interval  is  defined  by; 


m * I xP*f(x) 

P X 


(5-1) 


where  the  summation  is  taken  over  all  x in  the  interval.  This  is  easily 
extended  to  n-dimensional  moments  as  follows.  The  Pj^p2  ...  moment 

(of  order  Pj  P2  •••  * P^)  function  f(Xj^,X2,  ...  x^)  is 

defined  as: 


I I ...  I 


Xi  X2 


Pi  P2 

1 ^2 


Xn  •f(x^,X2, 
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M.  K.  Hu  [16]  has  noted  that  two-dimensional  moments  of  a continuous 
function — the  summations  are  then  replaced  by  integrals — will,  under 
some  finiteness  assumptions,  uniquely  determine  the  function  itself  and, 
vice  versa,  the  function  uniquely  determines  the  sequence  of  moments. 

In  a discrete  case,  it  is  logical  to  assume  that  only  a finite  set  of 
moments  is  necessary  to  represent  a function  over  a finite  interval. 

The  following  proof  is  due  to  Barrero  [3]  and  restricted,  for  simplicity, 
to  a one-dimensional  case. 

Let  the  discrete  function  f of  a discrete  variable  be  defined 
over  the  interval  i = 1,  ...,  N;  this  function  can  then  be  represented 
in  vector  form  as  follows: 

f - [f(Xj)  f(x2)  ...  (5-3) 

Let  the  sequence  of  moments  of  order  p,  p * 0,  ...,  N - 1,  also  be 
represented  by  a vector: 

m » [m^CF)  m^(F)  ...  m^^.^CF)]  (5-4) 

Then  a matrix  ^ can  be  defined  such  that: 

m = X*f  (5-5) 


and  this  matrix  reads  as  follows: 
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(5-6) 


If  Xj , i j . this  matrix  is  nonsingular  (its  determinant  is  known 

in  matrix  algebra  as  a Vandermonde  determinant  [5],  [18]).  Thus  it  has 
an  inverse,  and  the  transformation  can  be  reversed: 

f»x’^*m  (5-7) 

which  proves  that  N moments  are  sufficient  to  represent  uniquely  N 
samples  of  a discrete  function.  It  is  further  noted  that  the  use  of  x 
in  the  above  equations  implies  only  that  x be  a single-valued  function 
of  the  index  i.  This  allows  the  use  of  various  functions  in  order,  for 
instance,  to  reduce  the  computational  problems  arising  with  high  order 
moments,  or  to  pick  out  specific  r-^gions  in  the  interval. 

Invariant  properties  of  moments  are  easily  developed.  The  following 
moments,  called  central  moments,  are  invariant  under  translation: 

I 

j 

i 

U ■ ^ (x  - x’)^*f(x),  X in  the  interval  (5-8) 

^ * I 

where  3c  (*  mj^/m^)  corresponds  to  the  center  of  mass  of  the  function. 

In  order  to  achieve  invariance  to  size,  these  moments  are  normalized 

i 

as  follows:  | 

I 

I 

I 

I 

i 

I 


N-1 


X. 

1 


N-1 


1 


N-1 
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Ip  • V"o 


{p/2  ♦ 1) 


(5-9) 


In  particular,  Dq  * 1,  = 0. 

It  can  be  further  demonstrated  [16]  that  the  theory  of  algebraic 
invariants  is  applicable  to  moments,  so  that  combinations  of  moments  can 
be  developed  that  are  invariant  under  general  linear  (nonsingular) 
transformations . 

Some  moments  are  well  known  throughout  the  technical  literature. 

The  moment  of  order  zero  is  the  sum  of  all  values  of  the  function  in  the 
interval  and  thus  represents  the  "mass"  of  the  function.  The  noncentral 
moments  of  order  one  are  related  to  the  center  of  mass;  the  moments  of 
order  two  are  related  to  the  principal  components  (central  moments  of 
order  two  express  variances  and  covariances).  Finally,  moments  of  order 
three  are  associated  with  the  skewness  of  the  function  and  moments  of 
order  four  with  its  kurtosis. 

Thus  moments  appear  as  useful  global  feature  descriptors;  they  are 
easily  combined  to  form  invariants;  with  the  use  of  an  appropriate  index 
function,  they  can  be  made  to  extract  local  features.  Finally,  the 
computational  problems  associated  with  moments  of  large  orders  can  be 
overcome  by  scaling  methods  or  by  choosing  an  index  function  with  a 
reduced  dynamic  range  (it  is  noted,  however,  that  this  last  procedure 
is  likely  to  diminish  the  discriminant  power  of  the  moments,  and  to 
make  the  matrix  in  (5-6)  ill-conditioned). 
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CHAPTER  6 


EXPERIMENTAL  RESULTS 


6.1.  Iris  Data 

The  first  application  example  is  based  on  the  classic  teixonomy 
problem  presented  by  Fisher  [12].  This  problem  involves  three  species 
of  Iris,  namely  I.  setosa,  I.  versicolor,  and  I.  virginica,  on  which 
four  measurements  have  been  performed:  sepal  length,  sepal  width,  petal 
length,  and  petal  width.  The  class  of  I.  setosa  is  known  to  be  linearly 
separable  from  the  two  others,  which  present  considerable  overlap.  This 
is  obviously  a rather  simple  case,  which  can  be  investigated  by  exhaus- 
tive search;  this,  and  the  fact  that  numerous  researchers  have  studied 
the  problem  from  various  points  of  view,  make  the  Iris  data  a useful 
basis  of  comparison. 

Fisher's  original  data  consist  of  fifty  sets  of  measurements— fifty 
patterns — per  class.  Tests  were  run  without  jackknife  procedure,  using 
both  criteria  presented  in  section  2.3.  The  additional  procedure  using 
the  complete  inverse  matrices  was  also  used,  since  the  small  number  of 
measurements  would  not  allow  severe  distortions  of  the  measure.  For 
comparison  purposes,  exhaustive  classification  tests  were  run,  using 
both  the  "true"  inverse  covariance  matrix  (i.e.,  the  inverse  of  the 
reduced  covariance  matrix)  and  the  inverse  matrix  subsets.  First,  a 
classification  test  was  run  using  all  four  measurements  to  establish 
a basis  for  comparison.  The  resulting  classification  matrix  is  shown 
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in  Table  1.  It  corresponds  to  a total  misclassification  rate  of 
2 percent.  Using  a similar  classifier,  the  BMD  program,  P7M  [10], 
presents  the  same  error  percentage,  where  a method  based  on  density 
estimation  [6]  resulted  in  a perfect  score. 


Table  1.  Iris  classification  matrix  using  all  measurements. 


from:  to: 

I.  setosa 

I.  versicolor 

I.  virginica 

I.  setosa 

SO 

0 

0 

I.  versicolor 

0 

47 

3 

I.  virginica 

0 

0 

50 

The  selection  program  based  on  the  large  inverse  matrices  was  then 
run  using  both  forward  and  backward  sequential  procedures;  these  always 
converged  to  the  same  result.  Thus  sublets  of  three,  two,  and  one 
measurements  were  determined,  which  resulted  in  misclassification  rates 
of  2,  3-1/3,  and  4-2/3  percent  respectively.  The  classification  matrices 
for  these  selections  are  shown  in  Table  2,  where  the  measurements  have 
been  numbered  for  commodity  (1:  sepal  length,  2:  sepal  width,  3:  petal 
length,  4:  petal  width). 

The  exhaustive  classification  tests  using  the  large  inverse  matrices 
showed  all  selections  to  be  indeed  optimal.  A second  subset  of  three 
measurements  and  a second  subset  of  two  measurements  demonstrated  the 
same  error  percentage  as  the  selected  subsets,  but  none  better  could  be 
found.  It  is  interesting  to  note  that  twelve  of  the  fourteen  possible 
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Table  2.  Iris  classification  matrices  (I)  using  (a)  measurements 
2,  3,  4;  (b)  measurements  3,  4;  (c)  measurement  3. 


from;  to:  I.  setosa  I.  versicolor  I.  virginica 


j 

(a)  Measurements  2 

. 3.  4 

[ 

I.  setosa 

SO 

0 

0 

I.  versicolor 

0 

48 

2 

I.  virginica 

0 

1 

49 

(b)  Measurements 

3,  4 

I.  setosa 

50 

0 

0 

I.  versicolor 

0 

47 

3 

I.  virginica 

0 

2 

48 

(c)  Measurement 

3 

I.  setosa 

so 

0 

0 

I.  versicolor 

0 

46 

4 

I.  virginica 

0 

3 

47 
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subsets  correctly  classified  all  patterns  of  the  first  class;  only  the 
first  or  the  second  measure  taken  alone  resulted  in  a few  errors  for 
this  class  (while  the  same  subsets  completely  confused  I.  versicolor  and 
I.  virginica) . The  classification  results  are  summarized  in  Table  3. 


Table  3.  Error  rates  associated  with  Iris  measurement  subsets  (I). 


Subset 

Error  Rate 

Subset 

Error  Rate 

1.2 

18 

2.3 

4-2/3 

1,3 

3-1/3 

2.4 

4-2/3 

1.4 

8 

3.4 

3-1/3 

1.2,3 

4 

1 

28 

1.2,4 

8 

2 

38 

1,3,4 

2 

3 

4-2/3 

2,3,4 

2 

4 

5-1/3 

The  same  procedure  was  repeated  with  the  other  two  procedures,  which 
use  the  updating  method  to  compute  the  "true"  inverse  at  each  step.  The 
generalized  distance  criterion  led  to  rather  poor  selections  (with  4, 

4,  and  28  percent  of  error  respectively),  while  the  arithmetic  mean 
criterion  resulted  in  the  optimal  selection  for  each  subset  dimension. 
Classification  matrices  are  shown  in  Table  4,  and  the  exhaustive 
classification  results  summarized  in  Table  5.  It  is  noted  that  a better 
classification  was  achieved  by  using  three  measurements  than  by  using 
all  four  of  them.  The  comparison  between  the  two  approaches  (subsets  of 
the  large  inverse  matrix  versus  "true"  inverse  matrix)  confirms  what 
has  been  said  in  section  3.1:  the  classification  results  are  better 


from:  to: 


I.  setosa 


I.  versicolor 


I.  virginica 


(a)  Measurements  1 

. 3.  4 

I.  setosa 

50 

0 

0 

I.  versicolor 

0 

48 

2 

I.  virginica 

0 

0 

50 

(b)  Measurements 

3,  4 

I.  setosa 

SO 

0 

0 

I.  versicolor 

0 

47 

3 

I.  virginica 

0 

1 

49 

(c)  Measurement 

4 

I.  setosa 

50 

0 

0 

I.  versicolor 

0 

48 

2 

I.  virginica 

0 

4 

46 

43 


Table  5.  Error  rates  associated  with  Iris  measurement  subsets  (II). 


Subset 

Error  Rate 

Subset 

Error  Rate 

1.2 

19-1/3 

2,3 

4 

1.3 

4 

2.4 

5-1/3 

1.4 

3-1/3 

3,4 

2-2/3 

1.2,3 

4 

1 

28 

1.2,4 

4-2/3 

2 

44-2/3 

1,3,4 

1-1/3 

3 

4-2/3 

2,3,4 

3-1/3 

4 

4 

with  the  "true"  inverse.  Moreover,  the  selection  operated  by  one  method 
is  not  optimal  when  used  with  the  other  method.  Both  methods,  however, 
achieved  optimal  solutions;  while  this  cannot  be  expected  to  remain 
true  for  more  complex  problems,  it  is  a proof  that  sequential  procedures 
are  able  to  choose  better- than- average  subsets. 

6.2.  Radar  Returns  of  Aircraft 

In  this  experiment,  eight  different  aircraft  were  used,  four 
American  planes  and  four  Russian  planes.  These  aircraft  had  been  selected 
for  a previous  investigation  [15]  because  they  form  four  more  or  less 
similar  pairs:  two  large  transports,  two  light  bireactor  transports, 
two  large  fighters,  and  two  small  fighters.  A list  of  the  eight  planes 
with  their  wingspan  is  given  in  Table  6. 

The  radar  returns  were  carefully  simulated  by  M.  Harris  [15],  using 
model  airplanes.  As  used  in  the  following  experiments,  a radar  image 
consists  of  a set  of  reflection  points,  characterized  by  their  coordinates 
on  a 512  by  512  grid,  around  which  electromagnetic  scatter  is  simulated 


Table  6.  Aircraft  used  in  the  experiments  with  radar  returns. 


Name 

Type 

Nationality 

Wingspan 

Mikoyan  MIG-21 

Fighter 

USSR 

7.15  m 

McDonnell -Douglas  A4M 

Fighter 

USA 

8.38  m 

Mikoyan  MIG-25 

Fighter 

USSR 

12.19  m 

General  Dynamics  FB-lllA 

Fighter 

USA 

19.20  m 

Tupolev  TU-22 

Transport 

USSR 

27.70  m 

Boeing  737 

Transport 

USA 

28.35  m 

Antonov  AN- 2 2 

Transport 

USSR 

64.39  m 

Lockheed  C-5A 

Transport 

USA 

67.88  m 

by  generating  a cluster  of  points  with  a two-dimensional  Gaussian  random 
generator.  Typical  images  have  from  five  to  fifteen  reflection  points, 
each  with  a cluster  of  twenty  to  fifty  points;  one  such  image  is  shown 
in  Figure  6. 

Sixty- four  patterns  were  generated  for  each  class,  for  a total  of 
S12  different  images.  The  patterns  correspond  to  about  thirty  different 
positions  of  each  aircraft,  each  pattern  thus  obtained  being  used  twice 
with  the  random  generator.  Figures  7 and  8 illustrate  some  of  the 
patterns  thus  generated  for  the  FB-lllA  and  the  B-737. 

Central  moments  were  used  to  describe  the  images.  Thirty-three 
moments  were  computed,  namely  all  moments  of  order  two  to  order  seven, 
using  a reduced  index  described  by  the  function: 

X - 1 ♦ i/(512*10"^)  , i = 1,  ...,  512  (6.2-1) 

The  moments  were  all  divided  by  m^^,  the  zero-th  order  moment,  but  were 
not  normalized  since  invariance  to  size  was  not  desired.  In  fact,  the 


^ w*  . 

4S 


size  of  the  airplanes  is  a very  important  factor  in  this  type  of 
recognition  problem.  As  radars  usually  provide  range  information,  or 
even  automatic  scaling,  the  size  can  be  taken  into  account  irrespective 
of  the  distance  at  which  the  plane  is  flying.  These  experiments  assume 
an  automatic  prescaling  so  that  images  are  all  of  correct  proportions. 

The  scaling  can  also  be  accomplished  with  the  moments  themselves:  the 
gyration  radius  of  an  image  (i.e.,  * ^^20  ) known  to  be  inversely 

proportional  to  the  distance  between  the  object  and  the  imaging  device 
and  can  thus  be  used  together  with  the  range  information  to  scale  the 
other  moments  [11]. 

Three  series  of  experiments  were  conducted.  In  the  first  series, 
all  eight  airplanes  were  used,  whereas  the  second  and  the  third  series 
dealt  with  the  fighters  and  the  transports  respectively.  As  a preliminary 
step,  classification  tests  were  run  using  all  thirty-three  moments.  The 
results  were  surprisingly  good:  only  6 out  of  the  512  patterns  were 
misclassified,  yielding  an  error  rate  of  1.17  percent.  The  classification 
matrix  for  this  experiment  is  shown  in  Table  7.  It  is  noted  that  there 
was  not  any  confusion  between  fighters  and  transports. 

Jackknife  procedures  resulted  in  an  overall  error  rate  of  2.9 
percent  (fifteen  errors) . Since  the  difference  between  both  results 
was  so  small,  and  because  jackknife  classification  required  much  more 
time  than  normal  classification,  the  jackknife  procedure  was  abandoned 
for  the  rest  of  the  experiments.  It  is  felt  that  the  comparison  between 
the  performances  of  two  subsets  is  as  valid  with  normal  evaluation 
methods  as  with  jackknife  procedures. 
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Table  7.  Aircraft  classification  matrix  using  all  33  moments. 


from:  to: 

MIG21 

A4M 

MIG25 

FBlll 

TU22 

B737 

AN22 

C5A 

MIG21 

63 

1 

A4M 

MIG25 

1 

63 

64 

FBlllA 

3 

61 

TU22 

64 

B737 

1 

63 

AN22 

64 

C5A 

64 

The  first  test  was  designed  to  evaluate  the  usefulness  of  the  large 
inverse  matrix  method  as  applied  to  high-dimensional  data.  A selection 
of  11  components  was  obtained  using  the  arithmetic  mean  criterion,  which 
yielded  a catastrophic  error  rate  of  80.2  percent.  Directing  the 
selection  to  use  the  smallest  distance  only  as  criterion,  the  result 
improved  to  76.4  percent  of  error.  Using  the  "true"  inverse  covariance 
matrix  of  each  subset  for  classification  diminished  the  error  rates  to 
64.5  and  51.8  percent  respectively.  Most  patterns  were  classified  as 
C5A,  i.e.,  attributed  to  the  class  which  had  the  largest  spread.  Other 
selections  confirmed  these  results,  clearly  showing  the  inapplicability 
of  this  procedure  to  high-dimensional  data. 

Random  selections  of  11  components  were  then  performed  and 
classification  tests  run  to  obtain  a mean  value  of  performance  with 
which  to  compare  the  results  of  the  first  two  selection  procedures. 

For  the  classification  among  eight  airplanes,  an  average  error  rate  of 
40  percent  was  observed,  while  the  two-class  fighter-transport 
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classification  was  correct  90  percent  of  the  time.  Both  selection 
procedures  were  then  used;  both  selected  the  same  subset,  for  which 
classification  tests  showed  an  error  rate  of  17.2  percent  for  the  eight- 
class  problem  and  2.7  percent  for  the  two-class  problem.  The  classifi- 
cation matrix  for  this  experiment  is  given  in  Table  8. 


Table  8.  Aircraft  classification  matrix  using  11  selected  moments. 


from:  to: 

MIG21 

A4M 

MIG25 

FBlllA 

TU22 

B737 

AN22 

C5A 

MIG21 

37 

13 

14 

A4M 

3 

50 

11 

MIG25 

2 

53 

1 

1 

FBlllA 

12 

46 

1 

5 

TU22 

52 

8 

4 

B737 

5 

58 

1 

AN22 

64 

CSA 

64 

Various  other  subsets  were  selected  using  these  two  procedures;  for 
each  selected  subset,  several  other  subsets  were  randomly  chosen  (with 
the  same  number  of  components)  to  provide  a basis  for  comparison.  Some 
of  these  results  are  summarized  in  Table  9.  It  is  noted  that  the 
selected  subset  always  allowed  much  more  accurate  classifications.  A 
second  important  feature  is  the  relationship  between  the  number  of 
selected  components  and  the  error  rate;  Figure  9 illustrates  this 
relationship.  The  curve  presents  two  thresholds,  between  which  the 
increase  in  performance  is  very  slow;  thus  a practical  pattern  recognition 
system  would  use  either  a dozen  measurements  or  all  of  them. 
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Table  9.  Classification  results  for  various  subsets. 


Number  of 
Components 

Selected 

Error 

Subset 

Rate 

Random 

Error 

Subset 

Rate 

8-class 

2-class 

8-class 

2-class 

1 

62.6 

31.2 

81. 

50. 

3 

38.3 

16.7 

70. 

32. 

5 

37.1 

15.2 

54. 

28. 

9 

16.1 

6.5 

45. 

16. 

11 

17.2 

2.7 

40. 

10. 

18 

18.1 

3. 

27. 

7. 

23 

12.7 

3.1 

21. 

6. 

Figure  9.  Relationship  between  the  number  of  selected  components 
and  the  error  rate. 
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The  second  series  of  experiments  used  only  the  four  fighters,  since 
the  distinction  between  fighters  and  transports  seemed  well-defined.  Two 
selections  were  obtained,  one  of  nine,  and  one  of  eighteen  components. 

In  agreement  with  the  curve  of  Figure  9,  the  selection  of  nine  measure- 
ments yielded  slightly  better  results  (9  percent  versus  9.4  percent  of 
error).  Classification  matrices  are  shown  in  Table  10.  It  is  noted 
that  the  first  seven  moments  selected  were  the  same  as  those  selected 
for  the  8-class  problem.  (The  same  seven  moments  will  also  be  the  first 
selected  in  the  next  series  of  experiments.) 


Table  10.  Fighter  aircraft  classification  matrices  using  (a)  nine 
selected  moments  and  (b)  eighteen  selected  moments. 


from:  to: 

MIG21 

A4M 

MIG25 

FBlllA 

MIG21 

A4M 

MIG25 

FBlllA 

MIG21 

45 

7 

12 

^7 

7 

10 

A4M 

63 

1 

1 

61 

2 

MIG25 

1 

63 

1 

63 

FBlllA 

2 

62 

3 

61 

The  last  series  of  tests  was  a repetition  of  the  second,  this  time 
using  the  four  transports.  As  expected,  there  were  less  misclassifications 
with  these  planes  as  the  selected  subsets  resulted  in  error  rates  of  4.7 
and  7.8  percent  for  nine  and  eighteen  components  respectively.  The 
classification  matrices  are  shown  in  Table  11. 

These  three  series  of  experiments  have  shown  both  the  discriminating 
power  of  moments  and  of  the  minimum  Mahalanobis-distance  classifier  and 
the  usefulness  of  sequential  search  procedures.  Selected  subsets 
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Table  11.  Transport  aircraft  classification  matrices  using  (a)  nine 
selected  moments  and  (b)  eighteen  selected  moments. 


from:  to: 

TU22  8737  AN22  CSA 

TU22  8737  AN22  C5A 

TU22 

55  8 1 

57  7 

B737 

1 62  1 

13  51 

AN22 

63  1 

64 

C5A 

64 

64 

resulted  in  two  to  three  times  less  misclassifications  than  equivalent 
subsets  chosen  at  random.  Moreover,  the  selection  allowed  a reduction 
of  a factor  three  in  the  number  of  measurements  for  a decrease  in 
performance  of  about  10  percent  only. 

6.3.  Photographs  of  Aircraft 

i 

In  this  experiment,  a series  of  four  pictures  was  taken  for  each  of  | 

four  different  toy  aircraft.  All  four  planes  were  fighters:  the  A4M  I 

"Skyhawk,"  the  F104,  the  A7D  "Corsair,"  and  the  Mirage  FI.  Each  j 

photograph  represents  a plane  in  a different  position.  Typical  photo-  i 

graphs  are  shown  in  Figure  10.  The  pictures  were  digitized  in  a grid 
of  128  by  128  points,  using  256  levels  of  gray.  Each  picture  was  then 
numerically  rotated  90,  180,  and  270  degrees,  and  symmetrized  around 
both  vertical  and  horizontal  axes,  to  yield  a total  of  twenty-four  images 
per  airplane. 

Six  moment  invariants  were  used  to  describe  these  pictures.  (The 

choice  of  such  a small  number  of  features  was  based  on  the  fact  that  I 

1 

photographs  convey  a large  amount  of  information  about  aircraft — much 

; 

t 

; 

> 

. 


(c)  A7D  "Corsair"  (d)  Mirage  FI 


Figure  10.  Sample  photographs  of  the  four  aircraft. 
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more,  for  instance,  than  radar  returns.)  These  invariants  were  derived 
from  the  central  normalized  moments  of  order  two  and  three  using  formulas 
developed  by  M.  K.  Hu  [16],  and  adopting  a normalization  by  the  gyration 
radius  introduced  by  Dudani  [11].  These  invariants  can  be  shown  to 
remain  unchanged  under  general  linear  transformations. 

In  terms  of  the  central  normalized  moments,  the  invariants  can  be 
expressed  as  follows; 


^1  * ^^^20  ' ’^02^  * ^'^11^  ^ ^'^02  * *^20^ 


'21  03-’ 


02  '20' 
3 


^3  “ ^^’^30  * "^12^  ■*’  ^*^21  ^03^  ^ ^ ^*^02  * "^20^ 


^4  ” ^^^30  ‘ ^’^12^  ^^30  ^^12^  ^^^30  ’^12^  “ ^^^21  ^^03^  ^ 


" (3021  ■ %3^(^21  " ’^03^t^(^30  " ^2^^  ' ^^21  " ‘ 

^’^02  * ^20^ 

^ “ ^("^20  ■ "^02^  ^("^30  ^ "^12^^  ■ 


'21  '03' 


' * ”12) '"21  * "os’*  ' '"02  * "20> 

■ (CSOjj  - Oqj)  (OjQ  + "12’ ""so  * "12’  ” ^'"91  * Of,,)  ] 


'21  '03' 


(030  - 30^2)  (^21  •*■  ^^03^  ^^(’^30  ^12^  ’ ^'^21  ”^03^  ^ 


(^02  "■  '^20^ 


(6.3-1) 
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The  last  invariant,  1^,  is  taken  in  absolute  value,  since  it  changes 
sign  under  improper  transformations. 

The  computed  invariants  differed  only  in  the  fourth  significant 
digit;  such  accuracy  is  due  to  the  absence  of  digitizing  errors  in  the 
rotations  and  symmetries,  and  cannot  be  expected  for  more  general 
transformations.  This  result  shows,  however,  that  moment  invariants  can 
be  easily  and  accurately  computed. 

Preliminary  classification  tests  were  run  using  all  six  measurements: 
they  yielded  a perfect  score  of  96  correct  classifications.  Both  proce- 
dures were  then  used  to  select  subsets  of  one,  two,  three,  and  four 
components,  which  were  compared  against  randomly  selected  subsets.  All 
subsets  of  four  components  were  found  to  result  in  perfect  classification, 
thereby  confirming  the  assertion  made  above  concerning  the  informational 
content  of  a photograph. 

Subsets  of  three  components  as  selected  by  both  procedures  yielded 
error  rates  of  31  percent  and  17  percent.  Typical  random  subsets  resulted 
in  an  error  rate  of  25  percent;  one  subset,  however,  gave  rise  to  a 
perfect  classification  (first  three  components).  This  exemplifies  the 
fact  that  sequential  methods  do  not  insure  an  optimal  solution;  indeed 
some  selections  might  be  worse  than  trivial  random  ones,  as  was  the 
case  with  the  above-mentioned  subset  of  three  components. 

While  searching  for  subsets  of  two  components,  it  was  noticed  that 
the  interclass  distance  measure  fell  sharply  between  three  and  two 
components.  Thus,  such  subsets  were  not  expected  to  result  in  satisfac- 
tory performances.  Indeed,  classification  tests  demonstrated  an  error 
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rate  of  44  and  SO  percent  for  both  selected  subsets,  and  60  percent  for 
random  selections. 

The  usefulness  of  interactive  procedures  was  demonstrated  by  the 
discovery  of  the  optimal  subset  of  three  components:  this  happened 
while  trying  to  keep  the  simplest  invariants,  and  directing  the  searches 
in  consequence.  It  is  also  noted  that,  in  this  experiment  as  in  the 
other  two,  the  selection  procedure  based  on  the  arithmetic  mean  criterion 
outperformed  that  based  on  the  Wilks'  measure  criterion,  although  it 
required  more  time  and  more  attention  from  the  user. 


CHAPTER  7 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  development  of  two  types  of  sequential  feature  selection 
procedures  has  been  presented  along  with  a new  inverse  matrix  updating 
algorithm.  These  procedures  have  been  applied  to  three  different 
classification  problems,  two  of  which  make  use  of  moments  as  pattern 
features. 

The  first  experiment  demonstrated  the  ability  of  the  procedures 
to  find  suboptimum — even  optimum— measurement  subsets.  The  second 
experiment  verified  this  property  by  comparing  the  selected  subsets 
with  randomly  chosen  ones;  it  also  evidenced  the  discriminatory  power 
of  moments.  The  third  experiment  demonstrated  the  invariant  properties 
of  moments  and  proved  the  usefulness  of  interactive  procedures. 

Further  experiments  should  be  performed  using  known  structural 
information  as  features,  in  order  to  determine  the  extent  to  which 
the  interactive  capabilities  of  the  procedures  improve  the  selection. 
Research  should  also  be  carried  on  to  reduce  the  computational  errors, 
especially  to  establish  bounds  on  the  final  resulting  errors  as  related 
to  the  condition  of  the  covariance  matrix. 
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APPENDIX  A 


CIRCULANT  MATRICES  AND  THE  MAHALANOBIS  DISTANCE 


Circulant  matrices  have  been  used  in  digital  image  processing  [14] 
to  reduce  the  computational  work  involved  in  image  restoration.  A 
circulant  matrix  is  such  that  any  of  its  rows  is  obtained  by  a circular 
shift  of  the  previous  row  (considering  the  last  row  as  being  before  the 
first) : 


C = 


S-1  S 

S-2  ^N-1 


'N-l 


-N-2 


■'N-3 


(A-l) 


These  matrices  have  the  remarkable  property  that  they  can  be  diagonalized 
by  a two-dimensional  Fourier  transformation: 

(A-2) 

where  £ denotes  the  forward  Fourier  transformation  matrix.  As  Fourier 

*1  H H 

matrices  are  unitary,  ^ = F^  (where  £ denotes  the  Hermitean  transpose 

of  ^) , and  equation  (A-2)  becomes: 

C - f“  • A . F (A-3) 
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Thus  the  inverse  of  £,  C can  be  written: 

C"^  = • A"^  • F (A-4) 

Introducing  this  in  the  expression  of  a quadratic  form  yields: 

mj*£  'F^’m  (A-5) 

It  is  noted  that  £*m  is  the  two-dimensional  forward  Fourier  transform 
of  m;  moreover,  each  diagonal  element  of  £ is  the  one-dimensional 
backward  transform  of  the  corresponding  row  of  £ [5] . The  computation 
of  the  quadratic  form  thus  requires  a series  of  Fourier  transformations 
— which  can  be  rapidly  performed  by  an  FFT  algorithm — and  a vector 
innerproduct , instead  of  a matrix  inversion  and  a matrix  multiplication 
followed  by  a vector  innerproduct.  As  there  exist  dedicated  hardware 
circuits  to  compute  fast  Fourier  transforms,  the  gain  in  computation 
time  over  a conventional  method  can  be  quite  substantial. 

However,  this  approach  is  not  suitable  for  recursive  computations 
such  as  used  in  the  procedures  developed  in  this  thesis.  Moreover,  it 
appears  unlikely  that  covariance  matrices  present  a circulant  structure, 
as  this  would  reduce  the  number  of  different  elements  of  the  matrix 
to  N/2. 
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APPENDIX  B 


PROGRAM  DESCRIPTIONS 

There  are  four  basic  programs.  Two  of  these  perform  the  selection, 
one  is  used  to  invert  the  appropriate  covariance  submatrices,  and  the 
last  classifies  the  training  set  using  the  inverses  previously  computed. 
Another  program  computes  the  covariance  matrices  and  mean  vectors  from 
the  training  sets;  still  other  programs  are  used  in  conjunction  with 
each  experiment  to  prepare  training  samples.  Each  program  is  described 
in  some  detail  in  the  following  pages.  The  order  in  which  programs  are 
surveyed  corresponds  to  the  order  in  which  they  are  used  in  practice, 
from  the  preparation  of  sample  patterns  to  the  classification  test. 

It  must  be  kept  in  mind  that  these  programs  have  been  written  for  a 
36-bit  machine  with  a limited  allocation  of  main  memory  (65k  words). 

It  is  finally  noted  that  the  execution  times  given  for  each  program 
are  only  indicative,  since  they  are  highly  dependent  on  the  amount  of 
data  to  be  processed. 

B.l.  Program  PATGEN.FOR 

This  program  is  used  to  generate  simulated  radar  patterns.  It 
reads  (from  a specified  disk  file)  a specified  niomber  of  images;  each 
image  is  a list  of  coordinate  pairs,  locating  reflection  points  on  a 
512  by  512  grid,  and  ending  with  a terminator  pair.  Each  image  is  then 
symmetrized  around  vertical  and  horizontal  axes,  and  around  the  first 
bisector,  to  yield  three  more  images.  A random  number  generator  is 
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used  to  generate  scatter  points  around  each  reflection  point;  the  number 
of  scatter  points  is  specified  by  the  user.  (The  final  number  may  be 
somewhat  smaller,  due  to  the  elimination  of  identical  pairs.)  The 
resulting  patterns  are  written  to  a specified  disk  file;  each  pattern 
is  a list  of  coordinate  pairs  ending  with  a terminator.  A typical 
application  used  8 original  images,  each  formed  of  about  a dozen 
reflection  points,  to  generate  64  patterns  (as  each  image  is  used  twice 
with  the  random  number  generator);  each  pattern  consisted  of  about  a 
thousand  coordinate  pairs;  the  CPU  time— including  the  user  dialogue — 
was  around  40  seconds  (the  length  is  mainly  due  to  the  elimination  of 
redundant  coordinate  pairs).  The  Gaussian  generator  is  one-dimensional, 
giving  rise  to  spherical  clusters  of  scatter  points  around  each 
reflection  point. 

B.2.  Program  MOMENT. FOR 

This  program  is  used  to  compute  moments  from  simulated  radar 
patterns.  It  processes  several  classes  at  once.  Each  class  is  repre- 
sented by  a disk  file  in  which  radar  patterns  of  an  aircraft  are  stored 
(as  created  by  the  program  PATGEN.FOR).  Central  moments  are  computed, 
up  to  a specified  order,  and  normalized  by  the  zero-th  order  moment. 

The  index  function  used  in  the  computation  is  X = 1 + I/(512*a),  where 
the  constant  a is  specified  by  the  user.  When  all  moments  have  been 
computed  for  a given  class,  they  are  written  to  a specified  disk  file; 
each  moment  vector  (i.e.,  the  moments  of  a pattern)  is  written  in  turn, 
beginning  with  the  low  order  moments,  and  varying  the  order  in  the 


second  coordinate  faster  than  that  in  the  first  coordinate.  A typical 
application  involved  8 classes  of  64  patterns  each,  using  moments  up  to 
order  7 (i.e.,  33  moments)  and  required  a little  less  than  2 minutes 
of  CPU  time. 

B.3.  Program  MOMINV.FOR 

This  program  is  used  to  compute  six  general  moment  invariants  from 

digitized  pictures.  Each  picture  is  a 128  by  128  array  of  integers  in 

the  range  0-25S.  Four  integers  are  stored  in  each  word  in  the  disk 

files.  The  program  reads  a specified  number  of  pictures,  each  from  a 

different  disk  file.  Pictures  are  read  in  column  by  column;  after  each 

new  column  has  been  read,  a call  is  made  to  a routine,  written  in 

DEC-10  assembler  code,  to  unpack  the  4 bytes.  Each  picture  is  then 

rotated  90,  180,  and  270  degrees,  and  symmetrized  around  both  vertical 

and  horizontal  axes  (all  of  these  operations  are  performed  by  simple 

reordering  of  the  picture  elements),  to  yield  5 new  pictures.  Central 

normalized  moments  of  order  two  and  three  are  then  computed  for  each 

picture,  and  combined  to  form  the  six  invariants  described  in  section 

6.3.  For  reasons  of  storage  space,  each  picture  is  processed  individually 

and  written  to  disk;  this  output  file  is  unique  and  contains  6 moment 

vectors  for  each  original  picture.  A typical  application  used  4 

original  pictures  to  yield  24  vectors  of  six  invariants,  and  required 

a little  more  than  four  minutes  of  CPU  time.  (This  stems  from  the 

2 

necessity  of  processing  128  = 16384  items  of  data  for  each  picture.) 
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B.4.  Program  STAT.FOR 

This  program  is  used  to  compute  the  statistics  of  a training  set, 
that  is,  the  set  mean  vector  and  covariance  matrix.  Several  sets  can 
be  processed  at  once.  A set  consists  of  a number  of  pattern  vectors 
written  without  separation  in  a disk  file.  The  program  will  read  a set 
in  main  memory,  compute — in  double  precision — its  mean  vector  and 
covariance  matrix,  and  write  them  in  a specified  disk  file  (one  for  each 
class).  The  mean  vector  is  written  first,  followed  by  the  covariance 
matrix,  in  full  storage.  The  double  precision  is  useful  in  reducing 
the  rounding  errors  when  inverting  the  covariance  matrix.  A typical 
application  involved  8 classes,  each  with  64  patterns  of  33  components, 
to  yield  8 mean  vectors  and  33  by  33  covariance  matrices,  using  less 
than  a minute  of  CPU  time  (including  user  dialogue) . 

B.5.  Program  INVERT. FOR 

This  program  is  used  to  compute  the  inverse  of  selected  covariance 
submatrices.  Several  classes  can  be  processed  at  once;  a class  is 
represented  by  a disk  file  where  class  mean  vector  and  covariance  matrix 
are  stored  in  double  precision  (as  created  by  the  program  STAT.FOR). 

The  user  specifies  the  components  to  be  used;  only  the  corresponding 
submatrix  is  then  inverted.  The  inversion  routine  uses  a triangular 
decomposition  with  a column  search  procedure,  as  developed  by  J.  K. 

Bryant  [6],  in  order  to  minimize  the  rounding  errors.  When  the  submatrix 
of  a class  is  inverted,  the  subset  of  the  mean  vector  and  the  inverse 
submatrix  are  written — in  single  precision — to  a specified  file  (one 


per  class) . A message  is  issued  if  a matrix  is  found  to  be  singular. 

No  messages  are  printed  if  the  inverse  is  detected  as  net  positive- 
definite;  the  FORTRAN  non-time  library,  however,  will  issue  a warning 
stating  an  attempt  to  take  the  square  root  of  a negative  number.  A 
typical  application  used  8 classes  of  33  components  and  required  less 
than  20  seconds  of  CPU  time. 

B.6.  Program  CLASS. FOR 

This  program  is  used  to  run  classification  tests.  The  user  must 
specify  a number  of  classes  and  give,  for  each  class,  the  name  of  the 
disk  file  containing  the  training  samples,  the  number  of  these  samples, 
and  the  name  of  the  disk  file  containing  the  inverse  covariance  (sub) 
matrix  to  be  used.  There  exist  two  versions  of  the  program:  the  first, 
CLASSl.FOR,  requires  that  the  number  of  components  to  be  used  be  equal 
to  the  dimension  of  the  inverse  matrix,  while  the  second,  CLASS2.FOR, 
uses  a submatrix  of  the  inverse  covariance  matrix  if  the  number  of 
components  to  be  used  is  less  than  the  dimension  of  the  inverse  matrix. 
Both  programs  use  only  the  components  that  the  user  specifies.  The 
Mahalanobis  distances  from  each  training  sample  to  each  class  are 
computed  and  stored  in  main  memory.  The  computations,  for  reasons  of 
storage  space,  are  performed  on  a class  per  class  basis:  the  mean 
vector  and  inverse  covariance  matrix  of  a class  are  read,  and  all 
training  samples  processed  with  this  class.  The  programs  print  an 
extensive  list,  class  per  class,  of  all  distances,  with  the  result  of 
the  classification  in  the  margin;  in  addition,  the  number  of  correctly 


and  incorrectly  classified  patterns  is  printed  for  each  class.  A 
typical  application  involved  8 classes  of  64  training  patterns  each; 
using  all  33  components  resulted  in  a CPU  time  occupation  of  a little 
more  than  two  minutes.  The  program  CLASSl.FOR  is  intended  to  be  used 
with  the  selection  programs  SELECl.FOR  and  SELEC2.F0R,  while  the  program 
CLASS2.F0R  should  be  used  in  conjunction  with  the  selection  program 
SELEC3.F0R. 

B.7.  Program  SELECl.FOR 

This  program  is  used  to  select  subsets  of  measurements  using  Wilks' 
matrices  and  the  generalized  Mahalanobis  interclass  distance  measure  as 
selection  criterion.  To  initialize  the  program,  the  user  must  specify 
the  number  of  classes,  the  total  number  of  components,  and,  for  each 
class,  the  name  of  the  file  where  the  mean  vector  and  covariance  matrix 
are  stored  Cas  created  by  the  program  STAT.FOR)  and  the  number  of 
patterns  used  to  compute  these  statistics.  The  program  reads,  and 
stores  in  main  memory,  all  mean  vectors,  and  adds  all  covariance  matrices 
(weighed  by  the  number  of  patterns  used  to  compute  them)  into  a single 
matrix,  the  total  within-class  scatter  matrix.  Once  the  initialization 
is  complete,  the  user  has  a choice  of  eleven  commands  at  his  disposition, 
namely: 

1.  Reject  all  components  (partial  initialization). 

2.  Add  a specified  component. 

3.  Reject  a specified  component. 

4.  Select  the  next  best  component (s)  (unless  its  contribution 
is  below  the  current  threshold-to-select) . 
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5.  Reject  the  next  poorest  component(s)  (unless  its  contribution 
is  above  the  current  threshold-to-reject) . 

6.  Set  the  threshold-to-select  to  a specified  value  (in  percent 
of  the  total  interclass  distance  measure) . 

7.  Set  the  threshold-to-reject  to  a specified  value. 

8.  Print  a separation  line  (to  isolate  particular  sections  of 
the  printed  output) . 

9.  Type  (to  the  user's  terminal)  the  current  status  (i.e.,  number 
of  selected  components,  value  of  the  interclass  distance 
measure,  and  both  threshold  values). 

10.  Print  the  status. 

11.  End  of  program  (return  to  the  monitor). 

Each  selection,  or  rejection,  is  indicated  to  the  user,  together 
i with  the  contribution  of  the  component  in  cause;  this  information  is 

also  printed.  It  is  thus  possible  to  request  a complete  feature  ordering 
by  starting  with  no  components  and  requesting  the  maximum  number  of 

steps  on  the  fourth  command.  Each  selection,  or  rejection  is  immediately 

I followed  by  an  updating  of  the  interclass  distance  measure  and  of  the 

current  inverse  matrix. 

Using  65k  words  of  main  memory,  this  program  can  deal  with  problems 
involving  several  dozens  classes  and  up  to  eighty  components.  Apart 
' from  the  initialization,  which  may  require  a few  seconds  of  CPU  time, 

I no  command  takes  more  than  a tenth  of  a second  of  CPU  time. 


1 

j 


I 

; 


I 
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B. 8.  Program  SELEC2.F0R 

This  program  is  used  to  select  subsets  of  measurements  using  the 
mean  of  all  interclass  distances  as  selection  criterion.  To  initialize 
the  program,  the  user  must  specify  the  number  of  classes,  the  total 
number  of  components,  and,  for  each  class,  the  name  of  the  file  where 
the  mean  vector  and  covariance  matrix  are  stored  (as  created  by  the 
program  STAT.FOR)  and  the  name  of  the  file  to  which  the  selected  subset's 
mean  vector  and  inverse  covariance  matrix  are  to  be  written.  The  program 
reads,  and  stores  in  main  memory,  all  mean  vectors  and  covariance 
matrices.  Once  the  initialization  is  complete,  the  user  has  a choice 
of  twenty-one  commands  at  his  disposition,  namely: 

1.  Print  a separation  line  (to  isolate  particular  sections  of 
the  printed  output) . 

2.  Reject  all  components,  reset  all  weights  to  one  (partial 
initialization) . 

3.  Add  a specified  component. 

4.  Reject  a specified  component. 

5.  Select  the  next  best  component(s) , using  the  average  of  all 
weighted  interclass  distances  as  criterion  (unless  the  result- 
ing contribution  is  below  the  current  threshold-to-select) . 

6.  Reject  the  next  poorest  component (s ) , using  the  same  criterion 
as  under  5 (unless  the  resulting  contribution  is  above  the 
current  threshold-to-reject) . 

7.  Select  the  next  best  component  (s) , using  the  average  of  the 
weighted  distances  from  a,  specified  class  to  all  others  as 
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criterion  (unless  the  resulting  contribution  is  below  the 
current  threshold-to-select) . 

8.  Reject  the  next  poorest  component (s) , using  the  same  criterion 
as  under  7 (unless  the  resulting  contribution  is  above  the 
current  threshold-to-reject) . 

9.  Select  the  next  best  component(s) , using  the  distance  from 
one  specified  class  to  another  specified  class  as  criterion 
(unless  the  resulting  contribution  is  below  the  current 
threshold-to-select) . 

10.  Reject  the  next  poorest  component(s) , using  the  same  criterion 
as  under  9 (unless  the  resulting  contribution  is  above  the 
current  threshold-to-reject). 

11.  Type  (to  the  user's  terminal)  the  distances  between  two 
specified  classes. 

12.  Type  (to  the  user's  terminal)  the  list  of  all  selected 
components. 

13.  Type  (to  the  user's  terminal)  the  current  short  status  (i.e., 
the  number  of  selected  components,  the  unweighted  average 
interclass  distance,  its  standard  deviation,  the  minimum 
interclass  distance,  and  both  threshold  values). 

14.  Print  the  current  short  status,  plus  the  list  of  all  selected 
components. 

15.  Print  the  current  short  status,  plus  the  list  of  all  selected 
components,  plus  the  list  of  all  interclass  distances  and 
their  respective  weights. 
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16.  Set  the  threshold- to-select  to  a specified  value  (an  absolute 
measure) . 

17.  Set  the  threshold-to-reject  to  a specified  value. 

18.  Assign  a specified  weight  to  the  distance  from  a specified 
class  to  another  specified  class. 

19.  Type  (to  the  user's  terminal)  the  weight  of  the  distance 
from  a specified  class  to  another  specified  class. 

20.  Type  (to  the  user's  terminal)  the  minimum  interclass  distance — 
in  harmonic  mean — and  both  class  numbers. 

21.  Write  (to  the  disk  files  specified  during  the  initialization) 
the  current  inverse  covariance  matrices  to  disk  and  return 

to  the  monitor  (end  of  program) . 

Each  selection,  or  rejection,  is  indicated  to  the  user,  together  with 
the  weighted  contribution  of  the  component  in  cause;  this  information  is 
also  printed.  Each  selection,  or  rejection,  is  immediately  followed  by 
an  updating  of  all  interclass  distances  and  all  current  inverse  matrices. 

Using  65k  words  of  main  memory,  this  program  can  deal  with  problems 
involving,  for  instance,  eight  classes  of  33  components.  Apart  from  the 
initialization,  which  may  require  a few  seconds  of  CPU  time,  no  command 
takes  more  than  a tenth  of  a second  of  CPU  time. 

B.9.  Program  SELEC3.FOR 

This  program  is  used  to  select  subsets  of  measurements  using  the 
mean  of  all  interclass  distances  as  selection  criterion.  It  is  basically 
identical  to  the  program  SELEC2.F0R,  except  that  it  uses  subsets  of 
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inverse  matrices  in  the  computations.  In  consequence,  it  requires  as 
input  one  file  per  class,  where  the  mean  vector  and  inverse  covariance 
matrix  are  stored  (as  created  by  the  program  INVERT. FOR).  For  more 
details,  the  listing  of  the  program  should  be  consulted. 
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PROGRAM  LISTINGS 


HAIN 


PATGEN.FOR 


FORTRAN  V. 5(515)  /KI 


26-JUL-77 
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00001 

00002 

00003 

00004 

00005 

00006 
00007 

ooooa 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 


00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 


C 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 


THIS  PROGRAM  MILL  READ  FROM  A OISK  FILE  A NUMBER  OF 

images  as  characterized  8t  a list  of  coordinate  Pairs 

AND  GENERATE  7 OTHER  SETS  BY  SYMMETRIZATION  AROUND 
VARIOUS  AXES.  Then  SCATTER  POINTS  MILL  BE  GENERATED 
around  EACH  COORDINATE  PAIH  (sHEFLEXION  POINT) I 
NSC  POINTS  HILL  FORM  THE  SCATTEk.  IN  A CIRCULAR  NORMAL 
DISTRIBUTION  AROUND  THE  REFLEXION  POINT  ( HOWEVER. 

SOME  POINTS  MAY  BE  DELETED  IF  TnEY  OCCUR  AT  THE  SAME 
LOCATION  AS  PhEVIOLSUY  GENERATtO  POINTS. 

PROGRAM  PATGEN 

parameter  NIMAG>12.nCO>30.NMAX>7o 

nimag  is  the  maximum  number  of  Input  Images 

Nco  IS  The  maximum  number  of  Input  coordinate  pairs 

NMAX  IS  THE  MAXIMUM  NUMBER  OF  SCATTER  POINTS 
INTEGER  IH(1 :2000.1:8.l:2) 

IM  CONTAINS  THE  COORDINATE  PAIRS 
DOUBLE  PRECISION  FIN.FOUT 


00025 

TYPE  100 

ASK 

FOR 

INPUT  filename 

00026 

ACCEPT  200 .fin 

00027 

1 

TYPE  101 

ASK 

FOR 

number  of  images 

00028 

ACCEPT  201. NIM 

00029 

IF  (NIM  .LE.  0 .OR. 

NIM 

.GT. 

NIMAG)  60  TO  1 

00030 

2 

TYPE  103 

ASK 

for 

number  of  sc.  pts 

00031 

ACCEPT  201. NSC 

00032 

IF  (NSC  .LE.  0 .OR. 

NSC 

.GT. 

NMAX)  GO  TO  2 

00033 

TYPE  102 

ASK 

FOR 

OUTPUT  filename 

accept  200. foot 

open  (MOOE»«aSCII • .UNIT»20.O£VICE»*OSK' . FILE-FIN) 
OPEN  (MODE* 'ASCI I* .UNIT-21. DEV  ICE- 'OSK* .FILE-FOUT) 

both  input  and  OUTPUT  FILES  ARE  NO-  OPEN 


FOR  Random  number  generator 
general  loop  for  images 


IX  - 0 
lY  - 0 

do  9U  I-l.NIM 

J - 0 

J a J*1  NEXT  coordinate  PAIR 

IF  (J  .6T.  NCO)  STOP  'ERROR* 

READ  (20.202)  ( IM(U . 1 .K) .X-1 .2)  READ  IN  A PAIR 

NO-  wE  CREATE  7 OTHER  PAIRS 


00050 

IM(J.2.1) 

a 

-lM(J.l.l) 

00051 

IM(J.2.2) 

8 

.IM(J.1.2) 

SYhm 

00052 

IM( J.3.1) 

8 

*IH(0.1.1) 

00053 

IM(jf3.2) 

8 

-IM(J.1.2) 

SYMM 

00054 

IM(J.*.l) 

8 

'.IM(J«1.2) 

00055 

[M(J,4.2) 

8 

♦IM(J.I.I) 

SYMM 

00056 

IM(J.5.1) 

8 

.IH(U«1.2) 
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00057 

00056 

00059 

00060 
00061 
00062 
00063 
00066 
00065 

c 

00066 

c 

00067 

c 

00068 

00069 

00070 

00071 

00072 

00073 
00076 
0007S 

00076 

00077 

00078 

c 

00079 

c 

00080 

c 

00081 

60 

00082 

C 

00083 

C 

00086 

C 

00085 

00086 

00087 

00088 

80 

00089 

C 

00090 

C 

00091 

c 

00092 

00093 
00096 
00095 

c 

00096 

c 

00097 

c 

00098 

00099 

90 

00100 

00101 

00102 

00103 

c 

00106 

c 

00105 

c 

00106 

c 

00107 

c 

00108 

100 

00109 

101 

00110 

102 

00111 

103 

00112 

c 

IM(d,5*2)  » •iM(JtUl) 
a .IM(J«1.1) 

IM<J«6t2)  a 
IM(d,7.l)  a -IM(J,U1) 

IM(J»7«2)  a *IM(d»l>2) 

IMCJtStl)  a •iHtJtlil) 
lM(J.8f21  a *IM(J,1»2) 

IF  (IM(dtl»l)  .NE.  256  .AND.  .ME.  256)  QO  TO  5 

256*256  IS  Tn£  TERHINaTOR  PAIR 


NUHBEP  OF  COORDINATE  PAIRS  READ 
COOP  UN  TNE  EIGHT  SETS 
POINTS  TO  THE  LAST  PAIR  aRITTEN 

LOOP  for  scatter  around  each  PT 


NCP  a J-I 
00  •^0  Ilal.G 
I NO  a NCP 
DO  ao  JaltNCP 

NX  a IH(d,II,l) 

NY  a IM(J*II,2) 

DO  ao  Kal.NSC  SENERmTE  NSC  SCATTER  POINTS 

CALL  SCAT(IX*IY.NX*NY*NNXtNNY)  NEa  PAIR  IN  NNXtNNY 
DO  60  Lal.IND  CHECK  FOR  EXIST.  OF  SAME  PAIR 

IF  (NNX  .EO.  1M(L*II*1)  .AND.  NNY  .EQ.  lM(L*IIt2))  60  TO 
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IF  THE  PAIR  already  EXISTS*  IT  IS  IGNORED 
CONTINUE 

THE  NEW  PAIR  IS  VALID.  SO  WRITE  IT 

IND  a IN0*1 
IM(IN0»II*1>  a NNX 
IM(IN0*II*2)  a NNY 
CONTINUE 

A SEPARATOR  PAIR  WILL  NOW  oE  AUUED 

INO  a IN0*1 
IM(IN0*II*1)  a 256 
IM(IN0*II.2)  a 256 


THE  IMAGE  IS  NOW  complete  ANO  Can  WE  WRITTEN  TO  DISK 


WRITE  (21*203)  ( (IM(K*IIfL) *Lalf2) .Kal.INO) 

CONTINUE  NEXT  IMAGE 

CLOSE  (UNlTa20*OEVICEa«OSK> (FILEaFlN) 

CLOSE  (0NITa2I .OeviCEa«OSK » .FiLEaFOUT) 

STOP 

END  OF  PROGRAM 
format  SLOCK 

format  (///,TlU. 'TYPE  IN  INPUT  FILENAME  : '.$) 
format  (TlO.'TYPt  IN  NUMdEH  OF  IMAGES  IN  FILE  S **$) 

format  (TIO.'TYPE  In  output  FILENAME  : '.S) 

format  (TIO.'TYOE  In  NUmbEM  OF  SCATTER  POINTS  I •tSI 
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00113 

200 

format 

^AlO) 

00114 

201 

FORMAT 

(12) 

OOllS 

202 

format 

(21) 

00116 

203 

format 

(I4t • t • f I4) 

00117 

oolia 

c 

END 

SUBPROGRAMS  called 
SCAT 

j SCALARS  AND  ARRAYS  NO  tArLICIT  DEFINITION  - NOT  REFERENCED 


•NY 

1 

•K 

2 

•NX 

3 

•NCP 

4 

•NIM 

5 

FOUT 

6 

fin 

10 

•J 

12 

.S0007 

13 

.S0006 

14 

•SOOOS 

15 

.S0004 

16 

•NNX 

17 

.S0003 

20 

•II 

21 

.S0002 

22 

.SOOOl 

23 

•SOOOO 

24 

•INO 

25 

•lY 

26 

•L 

27 

•I 

30 

•NSC 

31 

•NNY 

32 

IM 

33 

•lA 

76433 

temporaries 

PAT6EN 

NO 

ERRORS  DETECTED 

■1 

.I 


J 
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00001  C 

00002  C 

00003  C 
OOOOA 

00005  C 

00006  C 

00007  C 

00008  C 

00009 

00010 
00011 

00012  10 
00013  C 
OOOlA  C 

00015  C 

00016 

00017 

00018  20 

00019 

00020 
00021 

00022  C 

00023  C 
0002A  C 
0002S 


SUBROUTINE  SCATdXtlY.NX.NTfNNXtNNY) 

NTIM  IS  THE  number  of  random  VaH.  SUMMED  TO  GET  A NORMAL 
distribution 

INTEGER  IX.IYtNX.NY.NNXtNNY 
SO  • 2.5 
SLIM  ■ 3. •SO 

CALL  3AUSS(IX«IY<SO«OUN> 

OUM  IS  normal*  MITH  zero  mean  and  stand,  dev.  of  SO 

IF  (ABSiOUM)  .gT.  SLIM)  60  TO  10 
NNX  ■ NX.IFIX(OUM) 

CALL  6AUSS(IXiIY*SO»OUH) 

IF  (AaS(OUM)  .6T.  SLIM)  60  TO  20  KEEP  MiThlN  3 ST.  OEV. 

NNY  ■ NY*IFIX(DUM) 

RETURN 

END  OF  ROUTINE 


subprograms  called 

GAUSS 

IFIX.  aBS. 

SCALARS  AND  ARRAYS  NO  EXPLICIT  DEFINITION  - "*«  NOT  REFERENCED 

NY  1 •SO  2 •SLIM  3 NX  A NNX 

•OUM  6 lY  7 NNY  10  IX  11 

TEMPORARIES 


.A0016  12 


NO  ERRORS  detected 
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00001 

00002 

00003 

00004 

00005 

00006 

00007 

00008 

00009 

00010 
00011 
00012 
00013 


10 


SUBROUTINE  GAUSS (lAtlYtSOtOUHl 
REAL  SOtOUM 
INTEGER  IX>IY 
OUM  > 0. 

00  10  IOUH-1,12 

OUM  a OUM*RAN(IXtIY)-O.S 

CONTINUE 

OUM  a SO*OUM 

RETURN 

ENO 


subprograms  CALLEO 

RAN 

SCALARS  ANO  ARRAYS  NO  EXPLICIT  OEFINITIOn  - NOT  REFERENCEO 

1 *1008  2 .SOOOO  3 OUM  4 lY 


SO 

IX 


TEMPORARIES 
.A0016  7 

GAUSS  NO  ERRORS  OETECTEO 
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MAIN.  HOMCNT.POR 


00001 

00002 

00003 

OOOOA 

00005 

00006 

00007 

00008 

00009 

00010 
00011 
00012 
00013 
OOOlA 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 
00023 
0002A 

00025 

00026 

00027 

00028 
00029 


00052 

00053 
OOOSa 

00055 

00056 
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C 

C 

C 

c 

c 

c 


THIS  PROGRAM  COMPUTES  CENTRAL  MOMENTS  OF  CENTRAL 
images  PERTAlNlNCi  TO  THE  SAME  CLASS 

ALL  MOMENTS  OF  ORDER  2 TO  NRO  - nRO  IS  USER  SPECIFIED  - 
ARc  COMPUTED  AND  SCALED  BY  THE  AERO-TH  ORDER  MOMENT 
THE  MOMENT  VECTORS  REPRESENTATIVE  OF  EACH  IMAGE  ARE 

then  mritten  in  a specified  file 
THE  images  are  found  in  a specified  file  on  disk 
AN  IMAGE  IS  A list  of  coordinate  PAIRSt  FINISHING 
BY  THE  PAIR  (256.256) 

PROGRAM  MOMENT 

parameter  NIMAG>100.NORO«12.NMAA>91.NCLASSa20 

nimag  is  the  Maximum  number  of  images  that  can  be 
PROCESSED  AT  OnE  TIME 

NORO  IS  THE  MAXIMUM  ORDER  UF  MOMENT  THAT  CAN  BE  COMPUTED 
(THE  NUMBER  OF  MOMENTS  OF  ORDER  <>  NORD  IS  GIVEN  BY 
NMAX  a (NORO*1 ) * (NCR0*2) /2  ) 

REAL  M0M(1:nmaa.i:nIMaS) 

INTEGER  IM(l:1000.1:2) 

double  precision  fin (1  INCLASS) .FOUT(1:nCLASS) 

MOM  bill  contain  the  moments  of  all  patterns  of 
A CLASS.  IM  mill  be  used  AS  TEMPORARY  STORAGE  FOR 
AN  image,  fin  and  FOUT  CONTAIN  THE  INPUT  AND  OUTPUT 
FILENAMES  FOR  ALL  CLASSES 


00030 

1 

TYPE  100 

ASK 

FUH  number  of  classes 

00031 

ACCEPT  200. NCL 

00032 

IF  (NCL  .LE.  0 .OR.  NCL 

.ST. 

NCLaSS)  go  to  1 

00033 

2 

TYPE  101 

ask 

FOn  number  of  images 

00034 

accept  200. nim 

00035 

IF  (NIM  .LE.  0 .OR.  NIM 

.GT. 

NImaG)  go  to  2 

00036 

3 

TYPE  102 

ASK 

FUR  MAX  ORDER  OF  MOMENTS 

00037 

ACCEPT  200.NRO 

00038 

IF  (NRO  .LT.  0 .OR.  NRO 

.GT. 

N'wHO)  go  to  3 

00039 

TYPE  103 

ASK 

FUR  constant  in  index  FUNCTION 

00040 

accept  203. CST 

ANY 

real  value  is  acceptable 

00041 

NTOT  a (NR0*l)*(NR0*2)/2 

-3 

00042 

CST  a CST*512. 

00043 

C 

00044 

C 

numerical  INPUT  CHECKED 

00045 

c 

00046 

DO  10  lal.NCL 

00047 

TYPE  104.1 

ASK 

FUh  input  filename 

00048 

accept  201.F1N(I) 

00049 

TYPE  105 

ASK 

for  output  filename 

00050 

accept  201. FOUT (I) 

00051 

10 

CONTINUE 

DIALOGUE  FINISHED 

DO  40  lal.NCL  GENERAL  LOOP  FOR  CLASSES 

OPEN  (MOOEa* ASCII* .LHITaEl tOEV lu£a • DSK • .F iLEaF IN ( I ) ) 
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000S7  C 

ooosa  c 

00059  C 

00060 
00061 

00062  IS 

00063 

0006A 

00065 

00066  C 

00067  C 
00066  C 

00069 

00070  C 

00071  C 

00072  C 

00073  C 

00074  C 

00075 

00076 

00077 

00078 

00079 

00080 
00081 

00082  20 

00083  C 

00084  C 

00085  C 

00086 

00087 

00088 

00089 

00090 

00091  C 

00092  C 

00093  C 

00094 

00095 

00096 

00097 

00098 

00099 

00100 

00101  80 

00102  C 

00103  C 

00104  C 

00105  C 

00106  85 

00107  C 

00108  C 

00109  C 

00110  C 

00111  C 

00112 


THE  INPUT  file  for  THE  ITH  CLASS  IS  NOW  OPEN 

00  85  JaUNIM  LOOP  FOR  IMAGES  IN  A CLASS 

K > 0 

K « K*1  NEXT  COORDINATE  PAIR 

IF  (K  .GT.  1000)  GO  TO  95  ERROR 

read  (21.202)  (IM(K«L) •L«1.2)  READ  A COORDINATE  PAIR 
IF  (IH(K«1)  .NE.  256  .ANO.  IM(K.2)  .N£.  256)  GO  TO  15 

256.256  IS  THE  TERMINATOR  PAIR 

NCP  s K-1  NUmSEH  of  coordinate  pairs 

the  program  *IlL  now  compute  the  central  moments  of  the 
image  stored  in  IM. 

THE  INDEX  FUNCTION  IS  DUE  TO  A.  dARRERO 

XAV  a 0. 

YAW  a 0. 

DO  20  Kal.NCP 
XTMP  a IM(K.1)*2S5 
TTMP  a iM(K.2)*255 

XAV  a XAV»(1.»XTMP/CST) /Float (NCP) 

TAV  a YAV*(1.*YTmP/CST)/FLOAT(nCP) 

CONTINUE 

this  loop  Mas  COMPUTED  THE  COOHOInATES  OF  THE  CENTER  OF  GRAVITY 
NN  a 0 

00  80  KbJ.nRO 
00  80  NlaO.A 
NN  a NN*1 
N2  a K-Nl 

N1  aNO  N2  amE  The  TaO  EXPONENTS  FOR  ThE  INDICES 
MOM(NN.O)  a 0. 

00  SO  Mai. NCP 
X a IM(M.1).2SS 
T a IM(M.2)«255 
X a 1.*X/CST-XAV 
Y a 1.*Y/CST-TAV 

MOM(NN.J)  a M0M(NN.J)»(X*4Nl)atr44N2)/FL0AT(NCP) 

CONTINUE 

ALL  MOMENTS  OF  AN  IMAGE  HAVE  NOW  8EEN  COMPUTED 
so  PROCESS  NEXT  IMAGE 

CONTINUE 

ALL  MOMENTS  OF  A CLASS  HAVE  NOa  WEEN  COMPUTED 
they  will  be  aalTTEN  TO  FIlE  AhU  ThE  NEXT  CLASS 
•ILL  9E  RROCESaEO 

CLOSE  (UNlTaZl.OEVlCEa'OSK*  .FILEaFINd)  > 


I 
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00113  OPEN  (MOOEs'dlNABY' tUNITaaOtOEVlCE«'OSK' «FIL£«F0UT(I) ) 

OOllA  mBITE  (20«203)  ( (MCM <K .L ) tKal .NTOT) t L>1 tNlM) 

00115  CLOSE  (UNIT«20tOEVlCEa«OSK'«FILLaFOUT(I) ) 

00116  90  CONTINUE 

00117  C 

00118  C ALL  CLASSES  PROCESSED  : END  OF  PROGRAM 

00119  C 

00120  STOP 

00121  C 

00122  95  TYPE  150 

00123  STOP  ERROR 

0012A  C 

00125  C format  slock 

00126  C 

00127  100  format  (///.T1i)» 'THIS  PROGRAM  aluL  COMPUTE  THE  CENTRAL 

00128  1 MOMENTS' ./tTlOt 'OF  A IMAGE.  THIS  MILL  BE  DONE 

00129  2 FOR  EACH  SPECIFIED  CLASSt • t/t Tl 0 * 'UP  TO  THE  SPECIFIED 

00130  3 NUMBER  OF  IMAGES  PER  CLASS. • t/tT10« 'PLEASE  ANSM£R 

00131  4 The  FOLLOMING  questions.  FiNiSnING  BY  CK.'«//.TlOt 

00132  5'TYPE  in  number  OF  CLASSES  : '.S) 

00133  101  format  (TlOt'TYPE  IN  NUMBER  OF  IMAGES  PER  CLASS  : '.S> 

00134  102  FORMAT  (TIO.'TYPE  IN  MAXIMUM  ORDER  OF  MOMENTS  : '.S) 

00135  103  format  (TIO.'TYPE  IN  THE  INDEX  CONSTANT  (REAL  »)  : *.8) 

00136  104  format  (TIO.'TYPE  IN  INPUT  FILENAME  FOR  CLASS'. 13.'  : '.$) 

00137  105  format  (TIO.'TYPE  IN  OUTPUT  FILENAME  FOR  THIS  CLASS  : '.St 

00138  C 

00139  150  format  (//.T20.'E  R R 0 fl  './/» 

00140  C 

00141  200  format  (13) 

00142  201  format  (AlO) 

00143  202  format  (21) 

00144  203  format  (E14.7) 

00145  C 

00146  C END  OF  FORMAT  BLOCK 

00147  C AND  END  OF  PhOGRAM 

00148  C 

00149  END 


SUBPROGRAMS  called 

float. 


SCALARS  AND  ARRAYS  "•a  NO  EXPLICIT  DEFINITION  - »%"  NOT  REFERENCED 


•NTOT 

1 

•Nl 

2 

•K 

3 

•NCL 

4 

•NCP 

5 

•NRO 

6 

•CST 

7 

•Y 

10 

•ytmp 

11 

•NIM 

12 

FOOT 

13 

FIN 

63 

•M 

133 

•J 

134 

.S0007 

135 

.S0006 

136 

.S0005 

137 

.S0004 

140 

•YAW 

l4l 

.S0003 

142 

.S0002 

143 

.SOOOl 

144 

.SOOOO 

145 

MOM 

146 

♦X 

21762 

•XTMP 

21763 

.soon 

21764 

.SOOlO 

21765 

•L 

21766 

•I 

21767 

IM 

21770 

•XAY 

25710 

•N2 

25711 

•NN 

25712 

85 
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TEMPORARIES 

.00000  26102  .00001  26103 

MOMENT  NO  ERRORS  DETECTED 


I 
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00001 

00002 

ooooa 

0000*^ 

oooos 

00006 

00007 

00006 

00009 

OOOlU 

00011 

00012 

00013 

00014 
00013 
00016 
00017 

oooie 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 


000S6 
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C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


This  pmcuNam  Computes  the  six  homent  invariants  of  second 

AND  THINU  CnuEK  FRCM  A SERIES  PICTURES  FOUND  In  SPECI- 
FIED files,  and  hRITES  them  to  a SPECIFIED  FILE. 
the  PICTUhEs  ShOOLO  ALL  PEkTaI'*  TO  THE  SAME  CLASS. 

THE  FIRST  invariant  (GYRATION  haUIOS)  IS  USED  TO  SCALE 
TnE  NEXT  Six.  and  IS  NOT  hHITTcN  TO  DISK. 

Tn£  LAST  INVARIANT  IS  rRITTEN  In  AdSOLUTE  VALOEt  aS 
IT  CHANGES  SI5N  UNOER  IMPROPER  TRANSFORMATION. 

AN  Image  is  an  AkkAY  of  NUMdERa  STORED  ON  ~K  IN 
Packed  (a  atTts  per  aoro)  form,  tme  routine  uhpacx 

(•MITTEN  IN  ASSEMaLcM)  IS  USED  TO  UNPACK  ThE  mOROS 
PROORAH  MOMINV 

parameter  NLiIMaI^a.NOMM32.NPIC3ib.NMAXsIOO 

NOlM  IS  TnE  maaIMUm  size  OF  A PICTURE 
NOM  • NOIM/-. 

NPIC  IS  The  MAXIMUM  NUM9ER  OF  PICTURES  PER  CLASS  (ARBITRARY) 
NMax»nPIC*6  IS  The  total  NUMdEM  OF  PICTURES  PROCESSED 
(AS  5 nEm  pictures  are  generated  dY  ROTATION  ANO  SYMMETRY 
FROM  Each  ORIolNAL  PICTURE) 

common  rIC(l:N0lM.l:N0lM) .PIC2 ( 1 :NOIM« I :NOIM) 
common  INv ( I :6. I :nmaX) 

INTEGER  vEC(1:nUIm) .INP(1:nOm) 
integer  P1C.PIL2 
real  INV 

DOooLE  precision  0(1:nPIC) .000) 

PIC  contains  Tnt  PICTURE  TO  dE  PROCESSED 

PICE  IS  temporary  storage  uSEO  rOR  ROTATING  PICTURES 

INP  ANO  vEC  ARE  USED  In  CONJUNCTION  dlTh  UNPACK 

INV  CONTAINS  TnE  INVARIANTS  aS  COLUMN  VECTORS 


00U3S 

c 

O CUNIAINS  inE 

InPlT  (PICTURE)  r'lLENAMES 

00036 

c 

OOUT  COnIaIi.S  The  CuTPUT  (INVARIANTS) 

filename 

00037 

c 

00038 

I 

TYPE  100 

ASK 

Fun  • OF 

PICTURES 

00039 

accept  200. npC 

0U04O 

IF  (NPC  .LE.  0 

.OR.  NPC  .QT. 

NPIC)  GO 

TO  1 

00041 

2 

type  101 

aSK 

for  size 

OF  PICTURES 

00042 

accept  200. nSZ 

00043 

IF  (nSZ  .LE.  0 

.CR.  NSZ  .6T. 

NuiM)  uo 

TO  2 

00044 

DO  10  l>l.i.PC 

00045 

type  102.1 

ask 

Fur  Input 

' filename 

00046 

accept  2ol.C(I) 

00047 

10 

CONTINUE 

00048 

type  103 

mSK 

Fur  output  filename 

00049 

accept  201.()OU1 

00050 

c 

UOOSl 

c 

lNlTIA».IiATlDN 

FIMSHEO 

00052 

00053 

hTOT  * s».4PC 

00054 

nZ  ■ NSZ/m 

00055 

DO  70  N^l.J.PC 

GEnER-c  LOOP 

FOR  PICTURE! 

0PE(.  ('••0uE«*lMA0E*.cNIT»2r.  o£  V IcEb'OSK*  .FILE*0(K)  ) 
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0005T 

ooosa 

00059 

00050 

00061 

00062 

00063 

0006« 

00065 

00066 
00067 

0006a 

00069 

00070 

00071 

00072 

00073 
0007« 

00075 

00076 

00077 

00078 

00079 

oooao 

00081 

00082 

00083 

00084 

00085 

00086 
00087 

uooea 

00089 

00090 

00091 

00092 

00093 

00094 

00095 

00096 

00097 

00098 

00099 

00100 
00101 
00102 

00103 

00104 

00105 

00106 

00107 

00108 

00109 

00110 
00111 
00112 


MOMINV  HOMIN'/. FOrt 
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TriE  INPUT  filename  IS  OPEN 

UATa  mill  de.  PEAO  COLUMN  dY  COLUMNt  ANO  immediately 
unpacked 


00  25  U>1«N52 

mEAO  (20)  (INP(I)  flxUNZ) 

CALL  unpack (NZt iNPtVEC) 

00  25  l^ltNSZ 
“IC2(I#J)  » vECd) 


LOOP  THROUGH  THE  COLUMNS 
UNPACKS  INP  INTO  VEC 


THE  ENTIHt  PICTUHE  HAS  NOn  SEEN  REaU 

and  unpacked 

CLOSE  (U.MlTxtfUtOEvIC£»'OSK*,FILt*0(K) ) 
KK  « 6*{K-l) *l 

THE  FIRST  PICTURE  LSEO  IS  THE  OnlGlNAL 


00  30  I>1>M32 
OU  30  JAltNSZ 
rICdiU)  « PICZdtU) 
CALL'  COM)'(NS2fKK) 


compute  invariants 


The  second  picture  used  is  the  uhIGINAL  rotated  90  DEGREES 
CLOCKWISE 


KN  > KK«1 
DO  40  l4l>NS4 

II  ■ N5Z*l-I  SYMMETRIZE  AROUND  Y-AXIS 

00  40  U>1>NSZ 

PICd.U)  » -'IC2(UfII) 
call  COMP(NSZfKK> 

THE  THIRD  PICTURE  LSEO  IS  TnE  ORIGINAL  ROTATED  90  OEGREES 
ANTI  CLUCa«IsE 


KK  s KK*1 
00  50  I>1>NSZ 
DO  50  UalfNSZ 
JJ  » MSZ-l-J 
PIC(I»J)  * PIC2(JJ.I) 
CALL  COMP(N£ZtKK) 


SY.-..  ETRIZE  AROUND  X-AXiS 


compute  invariants 


THE  FOURTH  picture  USED  IS  TnE  ORIGINAL  ROTATED  IbO  DEGREES 

KK  « KK*1 

UO  oO  iRltNSZ 

II  » NSZ*l-l 

uO  60  J»lfNSZ 

JJ  « NSZ»i-j 

MlCdtJ)  * -ICLdl.uJ) 

Call  COmP(nsZ»kk) 
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00113 

C 

TWt  rIFTn  PICTofit  LSEO  IS  Tut  OnieiNAL  SYMMETRIZEO  AROUND 

00114 

c 

TmC  Y-aXIS 

00115 

c 

0011b 

<K  » KK*l 

00117 

DO  63  l-l«NSZ 

OOllB 

II  » NSZ-l-I 

00114 

DO  63  J«1<N3Z 

00120 

63 

®ic(i.j)  » Ftczai.j) 

00121 

CALL  CONPlNSAtKK) 

00122 

C 

U0123 

C 

THC  SIXTrl  AND  UAST  PICTURE  OStJ  IS  THE  ORIGINAL 

00124 

C 

symmetrized  arouno  the  X-AAIS 

00125 

C 

0012b 

KK  s KK*! 

00127 

DO  oo  I>1<NSZ 

0012S 

UO  66  ^■ItNSZ 

00129 

Jj  » NSZ*1-J 

00130 

66 

PIC(1»JJ  « MlCc(ItuJ) 

00131 

call  COKP (NaZfAR) 

00132 

C 

00133 

c 

THIS  original  picture  RAj  NO*  SctN  ENTIRELY  PROCESSED 

00134 

c 

TrE  NEAT  picture  uILL  oE  USED 

00135 

c 

00136 

70 

CONTINUE 

00137 

c 

00138 

c 

ALL  PICTURES  MAYE  SEEN  PROCESSio 

00139 

c 

The  invariants  rill  3E  rRITTEN  to  DISK 

00140 

c 

00141 

open  (HC0E»'3INAHY' ,UNlT»20tUEViCE*'OS«»  »FILE«00UT) 

00142 

*RITE  (20<2u2)  ( (INYdtJ)  <i«l>e)  f J-1«NT0T) 

00143 

CLOSE  (UNlT«2g.UEVICE»'OSK' *FIl6»OOUT) 

00144 

c 

00145 

c 

NO-  THE  Invariants  -III  at  printed 

00146 

c 

IN  6 columns  of  a NUM8EPS 

00147 

c 

00148 

00  -O  i<*ltNRL 

00149 

<<  M 6»(K-l)*l 

00150 

PRINT  20-  separator 

OOISI 

point  203ft(iNV(lt-) .J»KK.6K*5) f I>1 (6) 

00152 

90 

CONTINUE 

00153 

c 

00154 

c 

End  of  ROuTInE 

00155 

c 

00156 

STOP 

00157 

c 

00168 

c 

00159 

c 

format  dLOCF 

00160 

c 

00161 

100 

format  l///fTlUt*TRIS  PROGRAM  COMPOTES  6 MOMENT  INVARIANTS 

00162 

1 from* t/.TlOt 'SPECIFIED  PICTuRtS  OF  A CLASS. • *//tT10» 

00163 

2'EnTEH  NOMatR  OF  PICTURES  IN  CLASS  : '«$» 

00164 

101 

format  IT10» 'ENTER  DIMENSION  Or  PICTURES  : '•») 

OOleS 

102 

format  (TIO. 'Enter  inrut  F1lEn-.mE  rUR  PICTURE’ *i3» ' : 

' tS) 

00166 

103 

format  (TlO.'tNTtR  OUTPUT  FILENAME  : '.i) 

00167 

c 

00168 

200 

format  (13) 

1 
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AOMINV. 
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V,i(5l5) 

/Kl 
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77 
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0016'» 

201 

format  (AlO) 

00170 

202 

format  lElA.7) 

00171 

203 

format  ( o 1 • 

• *£14.7) ) 

00172 

20A 

format  (///) 

. ' ■ t*  *“•;  • 

00173 

C 

‘ '*  -‘W"*:'*  - 

0017A 

c 

tNU  OF  forma  r SLOCK 

0017S 

c 

ANO  END  OF  RROORAM 

► ■ i "aV.^.T  V'  • 

00176 

c 

. ‘ J'  . •_  .. 

■ • A.  . . • 

00177 

ENO 

* 

z 

o 

1. 

X 

o 

u 

SLOCKS 

/.COMM. 

/(•101130) 

PIC 

♦ 0 

PIC2  ♦aOOOO 

INV 

•luOOOo 

• 

SU9PH06RAMS  CALLcD 

. ■ ' • - A.  ■.  • 

COMP 

UNPACK 

A'  - • '• 

SCALARS 

ANO  ARRATS  •'•••  NO  tAt-LICIT  DEFINITION 

- not  referenced 

.SOU20 

1 

•JJ  A 

INP 

3 

OOuT 

A3 

•nTOT 

AS 

*K 

a6 

♦NS2  a7 

•NFC 

50 

*J 

51 

.30007 

S2 

.S0006 

53 

•KK  5a 

.S0005 

55 

D 

So 

.SOOOA 

116 

V. 

♦II 

117 

.3U0C3  120 

.S0002 

121 

vec 

122 

.SOOOl 

322 

* ■*  .'  ‘ i 

.soooo 

323 

.30017  32A 

.S0016 

325 

.50015 

326 

.5001a 

327 

.S0013 

330 

.S0012  331 

.soon 

332 

.SUOlO 

333 

♦I 

33A 

■/  ■ 

*NZ 

335 

.50025  336 

.S002A 

337 

.50023 

3A0 

.50022 

3a  1 

" -%■  : 

.S0021 

3A2 

TEMPORARIES 


.00000  AAA  .00001  AAS 


MOHINV  no  errors  0ET£(.TE0 


90 
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00001  C 

U0002  c 
U00U3  c 
OOOOA 

00005 

00006  C 

00007  C 

00008  C 

00009  c 

00010 
00011 
00012 
00013 
0001^ 

OOOIS 

U0016 

00017 

OOOld 

00019 

00020 

00021  10 
00022 

00023 

00024  C 

00025  C 

00026  C 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044  20 

00045 

00046  C 

00047  C 

00048  C 

00049 

00050 

00051 

00052 

00053 
000S» 

00055 

00056 


SUdxOUTINE  COMP(nSZ.KK) 

PAPaMETEP  NDlM«128<NOMs32>NPIC>16(NMAXalOU 

THIS  routine  computes  tme  su  •iument  invariants  AnO 

-RITES  TnEM  TO  TriE  ARRAY  InV 

COMMON  PIC ( 1 :NuIm< 1 :n0IM) f MIC2 (1 :N0Im« 1 :noIM) 
common  Inv ( 1 :6« 1 :nmax) 

INTEGER  PIC.MIC2.KK.NSZ 
REAL  iNv 
VMOli  « 0. 

VMOl  a 0. 

vMio  a 0.  Initialize  non  central  moments  of  order 

00  10  lal.NSZ 
00  10  jal.NSZ 
VMOO  a VM00*MIC(I.J) 

VMOl  a VM&l*rLUATC-)»PIC(I.J) 

VMlO  a VM10.FLOaT(I)*PIC{I.J) 

AAV  a VMIO/VMOU 

YAV  a VMOl/VMOo  TO  FIND  THE  CENTER  OF  GRAVITY 

nOm  the  seven  moments  of  order  2 aNO  3 HILL  aE  COMPUTED 

VM2u  a 0. 

VMll  a 0. 

VM02  a 0. 

VMJU  a 0. 

YM21  a u, 

VM12  a 0. 


VM03 

a 0. 

INITIALIZE 

00  20 

1*1 .nSZ 

fin  a 

FLuaT (1)-AmV 

CENTRAL 

INDEX 

DO  20 

Jal .NiZ 

F JN  a 

float (j) -YAV 

CENTRAL 

INDEX 

VM2J  a VrtiO-FlN»FlN*PIC( I.J)/(VMOO»VMOO) 

VMll  a VMli-FlN»FJN«PIC(I.O)/ (VM00*VM00) 

VM02  a VMu2.FJN»FjN«OIC(I.u)/(VM00»VM00) 

VM30  a vm30»FIn«FIN*FIn*PIC ( I .0) / ( VM00**2.3) 

VM21  a VM21.FlN*FlN«FjN*PIC(i.O)/(VM00**2.5) 

VM12  a v.n2*KlN*FjN«FjN*MIC(l.JJ/tVMOO«»2.5) 

VH03  a VM03*FJN»FjN»FjN»MIC(i.OJ/(VM00»a2.5) 

GYR  a vr.20*VMU2  GYRATION  RADIUS 

nOr  compute  iMt  aIA  Invariants 

INVII.KK)  a *.*(VM11**2)*( (VM2j-VM02)**2» 
iNVd.KKl  a INV  ( 1 .KK)  / (GYRa«2) 

INV(2.KKI  a ( ( VMjO-3.*Vm12) *•2) • ( (3.*VM21-VM03) t»2l 
INV(2.KK)  a INv (2.KK) / (GYR*»J) 

INVO.KKI  a ( ( y«l2*vMja  ) ••2)  ♦ ( I VM21.VM0  jl  •*2l 
INV(3.KK)  a iNV ( j.KK) / (GYPaaJ) 

INV(A.KK)  a ( VMjO-3.*VMl2) • ( VMJU»VM12> •( ( ( VM30»VM12) **2) 
l-3.«(  (vn21.»muj)  ••2)  ) ♦ ( j.*v.-.21-vM031  • ( VM21-VMO  j)  • 
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2(3. •(  {Vm30*vm12)»*2)-(  ( VM21»V.'tu3)  **2)  ) 

;mW(a.«K)  » INv  (<»,KX)  / (GY«»*0) 

INV(5«KK)  * 4.»vH11*(VM30*VM12I»(VH21*VM03)  * (VH20-VM02)* 
1 ( ( ivh30*VmU)  •*2)-(  ( ym21*vm03)  '‘*21  I 
INY(5»KK)  » iNV(5,KK)/(Gr«***) 

INVO.KR)  = (3.»VM21-VM03) •( VMJU*VH12)*( { (VM30»VM12) ••2) 
l-3.»( (Vrt21»VM03)*«2) ) - (vM30-3.»vm12)«(VM21»VM03)» 

2(3.«( (v«iO*VMl2)**2)-( ( VM21»v«03) **2)  ) 

INV(6.KK)  » ao3  ( INV  (6.KK)  ) / (GY-y^aG) 

ALL  INVmRIaMS  Arive  NOP  dEEN  COMPUTED 
Tnt  ROUTINE  15  FINISHED 

HETUHN 

ENO 


COMMON  SLOCKS  I: 

/.C0MM./(»10II3U)  1 

PIC  *0  PIC2  «<»0000  INV  *130000  J 


SUBPROGRAMS  CALLED 
FLOAT.  ABS. 


SCALARS  ANO  ARRAYS  NO  EAMLICIT  DEFINITION  - >•%»  NOT  REFERENCED 


•VM03 

1 

•VM20 

2 

•VM02  3 

•FJN 

4 

NSZ 

5 

•VM30 

6 

*VM01 

7 

•GYR  10 

•fin 

u 

•VMU 

12 

•VMOO 

13 

•J 

lA 

KK  15 

•YAV 

lo 

.S0003 

17 

•VMll 

20 

.S0002 

21 

.SOOOl  22 

.SOOOO 

2i 

•VMlO 

2A 

*I 

25 

CO 

•XAV  27 

temporaries 


.A0016  30 

COMP  aq  errors  detected 


00057 

OOOSB 

00059 

00060 
00061 
00062 
00063 

0006A 

00065 

00066  C 

00067  C 
0006B  C 

00069  C 

00070 

00071 


AD-A05e  466 


UNCLASSIFIED 
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1 

1 


TITLE  PACKER.  ROUTINE  TO  PACK  ANO  UNPACK  <»  dIT  BYTES 
SUBTTL  <TH>  way  I7t  1977 


THOMAS  HANOLEH 
PHYSICS  DEPT. 
UNIVERSITY  OF  TENN 

• 

KNOXVILLE  TEnN.  37916 

usage: 

CALL  PACK(Nt 

IN.IOUT) 

PACKS  A*N  9 

BIT  BYTES  FROM  4*N  wOROS  OF  TOUT 

INTO  N WORDS  OF  IN 

CALL  UNPACK  IN. IN. lOUT) 

unpacks  4*N 

9 BIT 

BYTES  FROM  N WORUS  OF  IN 

INTO  4*N  WORDS  OF 

lOUT 

AaO 

8*1 

C«2 

0>3 

P»I7 

t 

pixel: 

POINT 

9.  (B) 

t 

BYTE  pointer  to  GET  9 BIT  wJYTE 

Pixi: 

z 

1 

TEMP  STORAGE 

ENTRY 

1 

SETUP: 

UNPACK. 

MOVN 

PACK 

A.B(16) 

t 

GET  NEGATIVE  OF  NUMBEN  OF  WOROS  TO 

JUPPE 

A. RET 

1 

IF  ZERO  nothing  to  00 

IMULI 

A. 4 

t 

GET  NUMBEK  OF  BYTES  TO  PROCESS 

hrlm 

A.C 

t 

SET  UP  FOR  LOOP 

MOVEI 

rt.aidS) 

i 

GET  ADDRESS  OF  PACKEEC  ARRAY 

HRRl 

C.d2(I6> 

1 

GET  ADDRESS  Or  UNPACKED  ARRAY 

MOVE 

A. PIXEL 

1 

GET  BYTE  POINTER 

WOVEN 

A. PIXI 

1 

SAVE  IT 

SETZM 

A 

1 

ZERO  INTERMEDIATE  STORAGE 

JUPPE 

0.  LOOPS 

I 

IF  AC  0 NOT  ZERO  wE  ARE  UNPACKING 

LOOPl: 

ILCa 

A. PIXI 

t 

GET  ELEMENT 

WOVEN 

A.  (C) 

; 

STORE  IT 

1 

RET: 

AOBJN 

C. LOOP  I 

t 

ARE  THERE  MORE 

POPJ 

P. 

1 

RETURN 

: 

unpack : 

SETOM 

0 

1 

SET  FLAG  FOR  UNPACKING 

JRST 

SETUP 

1 

PROCEED 

1 

pack: 

SETZM 

0 

1 

SET  FLAG  FOR  PACKING 

1 

LOOPS: 

JRST 

SETUP 

t 

PROCEED 

MOVE 

A.  (C) 

< 

GET  ELEMENT 

lOPB 

A. PIXI 

t 

PACK  IT  AWAY 

AOBJN 

C. LOOPS 

t 

SEE  IF  ANY  MURE 

JRST  RET 

1 

NO  MORE,  return 

«0 


MAIN. 

STAX 

.FOR  fortran  V. 5(515)  /KI  26-JUL-77  17:30  RAGE  1 

00001 

c 

00002 

c 

This  program  mill  read  from  specified  disk  files 

00003 

c 

THE  PATTERN  VECTORS  OF  SEVERAL  CLASSES  AND  COMPUTE  TmEIR 

00004^ 

c 

MEAN  AND  covariance  MATRIX 

00005 

c 

these  mill  In  turn  be  written  TO  SPECIFIED  FILES 

00006 

c 

INPUT  IS  IN  single  precision*  OUTPUT  IN  DOUBLE 

00007 

c 

ooooa 

program  stat 

00009 

Parameter  NCLASSa20tNiMA6>ioo«NCOMPs9i 

00010 

c 

00011 

c 

nclass  is  the  maximum  number  of  classes  that  can  be 

00012 

c 

PROCESSED  AT  ONCE 

00013 

c 

nimag  is  the  maximum  number  of  Images  in  the  training 

00014 

c 

SET  for  a given  class 

00015 

c 

NCOMP  IS  THE  MAXIMUM  NUMBER  OF  COMPONENTS  PER  PATTERN 

00016 

c 

VECTOR 

00017 

c 

00018 

real  VEC(1:nC0MP.i:nImaG) 

00019 

double  precision  mEaN(i:nCumP)*COV(I:nC0mP*1:NC0mP) 

00020 

double  precision  FM(1:NCLaSS)  tFN2(l:NCLASS) 

00021 

INTEGER  NI(i:nCLaSS) 

00022 

c 

00023 

c 

VEC  BILL  CONTAIN  THE  PATTERN  VECTORS  • AS  COL.  VECT.- 

00024 

c 

MEAN  WILL  CONTAIN  THE  MEAN  VECIOR  AND  COV  THE  COVARIANCE 

00025 

c 

MATRIX 

00026 

c 

FNl  BILL  CONTAIN  THE  FILENAMES  FOR  THE  DATA  INPUT 

00027 

c 

FN2  HILL  CONTAIN  THE  FILENAMES  FOR  THE  DATA  OUTPUT 

00028 

c 

00029 

1 

type  100  ASK  FOR  » OF  CLASSES. 

00030 

ACCEPT  200«NCL  GET  IT 

00031 

IF  (NCL  .LE.  0 .OR.  NCL  .GT.  NCkASS)  GO  TO  1 

00032 

2 

TYPE  101  ASK  FOR  NUMBER  OF  COMP. 

00033 

ACCEPT  200*NC 

00034 

IF  (NC  .LE.  0 .OR.  NC  .GT.  NCOMM)  GO  TO  2 

00035 

c 

' 

00036 

c 

ALL  ANSWERS  ARE  CORRECT 

00037 

c 

00038 

DO  5 I>1*NCL 

00039 

TYPE  102*1  ASK  FOR  FILENAME 

OOOAO 

ACCEPT  201.FN1(I) 

OOOAl 

4 

TYPE  103  ASK  FOR  NUMBER  OF  IMAG. 

00042 

accept  200*NI(1> 

00043 

IF  (NI(I)  .lE.  1 .OR.  NKI)  .GT.  NIMAG)  GO  TO  4 

00044 

TYPE  104  ask  for  output  FILENAME 

00045 

ACCEPT  201*Fn2(I) 

00046 

5 

CONTINUE 

00047 

c 

00048 

t 

The  filenames  are  KNOaNt  The  program  hill  now 

00049 

c 

DEAL  WITH  EACH  CLASS  IN  TURN 

00050 

c 

00051 

DO  30  L«1*NCL 

00052 

OPEN  (MOOEw'BlNARY' .UNlT>20*OEvlCEa'OSK« .FILE>FN1 (L) ) 

00053 

READ  (20*202)  ( ( VEC < I . J) * I«1 *nC; *0*1 .NI (L) ) 

00054 

CLOSE  (UNITa20»0EVICEa*0SK> fFlL£>FNl (L) ) 

00055 

c 

00056 

I 

i 

c 

THE  DATA  FOR  CLASS  L HAVE  BEEN  READ  IN 

•?- 


' - 


STAT  STAT.FOH 


000S7 

OOOS4 

OOOS9 

000«0 

00061 

00062 

00063 

00064 

00065 

00066 

00067 

00068 

00069 

00070 

00071 

00072 

00073 

00074 

00075 

00076 

00077 

00078 

00079 

00080 
00081 
00082 

00083 

00084 

oooas 

00086 

00087 

00088 

00089 

00090 

00091 

00092 
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10 

C 

c 

c 


20 

25 

C 

c. 

c 

c 

c 

30 

c 

c 

c 

100 


THE  PROGRAM  mill  NOM  COMPUTE  Th£  MEAN 

TN  m N1 (L) 

00  10  UltNC 
mEAN(I)  a 0. 

00  10  Jal.NKL) 

HEANd)  a MEAN(1)*VEC(X>J)/TN 

THE  PROGRAM  AlLU  NOa  COMPUTE  ThE  COVARIANCE  MATRIX 

00  25  laltNC 
00  25  JaltNC 
COV(ltJ)  a 0. 

00  20  KaltNl (L) 

COVdtJ)  a COVd»J)*(VECdtK)-MEANd)  )*(VEC(J«K)- 
IMEAN(J) )/TN 
COVCJtl)  a COVdtJ) 

The  OATa  aiLL  nOM  SE  WRITTEN  TO  DISK 

OPEN  (MOOEa'HlNARY* tUNITa20tOEVlCEaiOSK*  «FlLEaFN2(L) ) 

•RITE  MEAN  VECTOR 

•RITE  (20t203>  (MEAN d ) . !•! tNC) 

WRITE  COV.  matrix 

•RITE  (20>203)  ( (CCV ( I t J) • J«1 tNC) > !•! .NO 
CUOSE  (UNlTa20t0£VICEa'0S)^* .FlutaFNE (L) ) 

CONTINUE  NEXT  CLASS 

STOP  ALL  CLASSES  PROCESSED 

FORMAT  BLOCK 

format  (///.TlOt 'This  PROGRAM  alLL  COMPUTE  THE  MEAN 

1 and  the  COKARlANCE't/tTlUt 'MATRIX  OF  SPECIFIED  CLAS 
2SES.'t/tT10t 'SEVERAL  PARAMETERS  ARE  NEEDED.  ANSWER  THE 
3 QUESTIONS. ' t/tTlO. 'FINISHING  bY  A CR.'./Z.TIO* 

••ENTER  NUMdER  OF  CLASSES  : '.») 


00093 

101 

FORMAT 

(TIO. 'ENTER 

number  of  components  : '.S) 

00094 

102 

format 

(TIO. 'ENTER 

INPUT  filename  for  CLASS'. 13.'  : 

•tS) 

00095 

103 

format 

(TIO. 'ENTER 

NUMdER  OF  IMAGES  IN  THIS  CLASS  : 

•tS) 

00096 

104 

format 

(TIO. 'ENTER 

OUTPUT  filename  for  THIS  CLASS  t 

«tS) 

00097 

c 

00098 

200 

FORMAT 

(13) 

00099 

201 

FORMAT 

(AlO) 

00100 

202 

format 

(E14.7) 

00101 

203 

FORMAT 

(022.15) 

00102 

C 

00103 

c 

END  OF 

format  wlock 

AND  END  OF  PROGRAM 

00104 

c 

00105 

END 

SUBPROGRAMS  CALLED 


I 

I 


V;VI 


95 


ST*T  STAT.fOR 
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SCALARS  ANO  ARRAYS 


NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


HEAN  1 ‘K  267 

.S0007  342  .S0006  343 

.S0002  347  VEC  350 

FNZ  62450  .SQ0I3  62520 

L 62524  •!  62525 


■NCL  270  FNl  271  •J  341 

.S0005  344  .S0004  345  .S0003  346 

.SOOOl  22164  CUV  22165  .SOOOO  62447 

.S0012  62521  .soon  62522  .SOOlO  62523 

NI  62526  •TN  62552  •NC  62553 


TEMPORARIES 


aoooi  62707 


QOOOO  62706 


STAT 


NO  ERRORS  detected 


'96 


00001 

00002 

00003 

00004 

oooos 

00006 

00007 

00008 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 

00050 

00051 

00052 

00053 

00054 

00055 

00056 


INVERT, FOR 


fortran  V. 5(515)  /KI 
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10 


11 


c 

12 

13 

C 

c 

14 


PROGRAM  invert 


THIS  PROGRAM  MIL).  READ  ON  DISK  ThE  COVARIANCE  MATRICES 
COMPUTE  THEIR  INVERSES  AND  WRITE  THEM  BACK  ON  DISK 
THE  USER  SPECIFIES  THE  NAMES  OF  ALL  FILES,  THE  NUMBER 
OF  matrices,  their  DIMENSION,  ANO  THE  COMPONENTS  TO  BE  USED 
EACH  COVARIANCE  MATRIX  IS  PRECEDED  BY  THE  MEAN 
VECTOR  OF  THE  CLASS,  WHICH  IS  ALSO  WRITTEN  IN  FIRST 
POSITION  IN  THE  INVERSE  FILE 

INPUT  IS  IN  DOUBLE  PRECISION,  OUTPUT  IN  SINGLE 

parameter  NCLASS>50,NCOMP«91 
COMMON  C1(1:nCOMP,1;NCOMP) 

DOUBLE  PRECISION  01 ( 1 :nCLASS) ,U2 ( 1 :nCLASS> 
real  VMEan(1:nC0mP) 

DOUBLE  PRECISION  Cl, OVAL 
INTEGER  SING,IN0(1:nC0MP) 

data  ino/ncomp»o/ 

01  ANO  02  WILL  CONTAIN  THE  NAMES  OF  THE  FILES 
TYPE  loo 

ACCEPT  200, nCL  GET  NUMBER  OF  CLASSES 

IF  (NCL  .LE.  0 .OR.  NCL  .6T.  NCLASS)  GO  TO  1 
TYPE  101 
ACCEPT  200, NSZ 

IF  (NSZ  .LE.  0 .OR.  NSZ  .6T.  NCUMP)  GO  TO  2 
00  10  I«1,NCL 
TYPE  102,1 
accept  201,01(1) 

TYPE  103 
ACCEPT  201,C2(I) 

CONTINUE 
TYPE  105 
ACCEPT  200, NYN 
IF  (NYN  .E3.  1)  30  TO  12 
TYPE  106 
TYPE  107 
ACCEPT  200, NB 
IF  (NB  .EO.  0)  GO  TO  14 
IF  (NB  .LE.  0 .OR.  NB  .GT.  NSZ)  SO  TO  11 


SET  NUMBER  OF  COMPONENTS 


SET  COV.  MAT.  filename 
SET  INV.  MAT.  filename 
ASK  FOR  ALL  COMP.  ? 


COMP.  INTRODUCED  ONE  BY  ONE 
ASK  FOR  COMP  W 


IN0(NB>  a 1 
SO  TO  11 

00  13  lal.NSZ 
INO(I)  a 1 
NSZa  a NSZ 


SELECT  COMP. 
NEXT 


SELECT  ALL  COMP. 


00  20  Kal.NCL 

OPEN(MOOEa,alNART',UNITa20,OEVlCEa*OSK> .FILEaOl (K) ) 

1 a 0 

00  16  Jal.NSZ 
READ  (20,203) , OVAL 

IF  (INO(J)  .EQ.  0)  GO  TO  16 

1 a 1*1 


INVERT  INVERT. FOR 


FORTRAN  V.SCSIS)  /KI 
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■ .-.■•i.v' 


i ■ 


OOOS7 

ooosa 

00059 

00060 
00061 
00062 

00063 

00064 

00065 

00066 

00067 

00068 

00069 

00070 

00071 

00072 

00073 

00074 
0007b 

00076 

00077 

00078 

00079 

00080 
00081 
00082 

00083 

00084 

00085 

00086 

00087 

00088 

00089 

00090 

00091 

00092 

00093 

00094 

00095 

00096 

00097 

00098 

00099 

00100 
00101 
0U102 

00103 

00104 

00105 

00106 

00107 

00108 

00109 

00110 
00111 
00112 


16 

c 

c 

c 


c 

c 

c 


IS 

c ' 

c 

c 


c 

c 

c 


c 

c 

c 

c 

c 

c 

20 

c 

c 

c 

50 

c 

c 

c 

c 

c 

c 

c 

100 


VMEAN(I)  > OVAL 
CONTINUE 

READ  the  mean  vector 
II  « 0 

00  IS  I>1«NSZ 

IF  (INO(I)  .NE.  0)  II>II*1  THIS  COL.  VILL  OE  STORED 

JJ  ■ 0 

II  AND  JJ  ARE  THE  ROW  ANO  COLUHN  INDEX  IN  Cl 

DO  15  U>1«NSZ 
IF  (INOCJI  .NE.  0)  JJ>JU»1 
READ  (20.203) .OVAL 
IF  (INO(I)  .£0.  0 .OR.  INO(J) 

Cl(JJ.II)  > OVAL 
CONTINUE 
NSZA  >11 

READ  the  covariance  MATRIX 

CLOSE (UNIT>20.0EVICE>'OSK'.FIL£>01(K) > 

CALL  INV(NSZa.SIN6)  INVERT  THE  MATRIX  Cl 

IF  (SIN6  .EQ.  II  QC  TO  SO 

THE  MATRIX  WAS  NONaS INGULAR . SU  THE  PROGRAM  PROCEEDS 

OPEN(MOOE>'aiNARY< .UNITa20.0£VlCEaiOSK> .FlLEa02(K) ) 

WRITE  (20.202)  ( VMEAN( I ) . lal ,NSZA) 

WRITE  MEAN  VECTOR  I UNCHANGED  ) 

WRITE  (20.202)  ( (Cl ( I .J) . !>! .nSZA) . Jal .NSZA) 

WRITE  INVERSE  MATRIX 

CLOSE (UNITazo.OEVICEa'OSK • .FILE>02 (K) ) 

CONTINUE 

STOP 

END  OF  NORMAL  PATH 

TYPE  104, K THE  K-TH  MAT.  IS  SINGULAR 

STOP 

END  OF  SINGULAR  PATh 

THE  PROGRAM  IS  ABORTED  WITH  AN  ERROR  MESSAGE 


FORMAT  SLOCK 

format  (///.TS. 'THIS  PROGRAM  COMPUTES  THE  INVERSES  OF 

1 covariance* ./.TS. 'MATRICES  AS  FOUND  IN  SPECIFIED 

2 files. './.TS.' ANO  WRITES  Them  TO  SPECIFIED  FILES.', 

3/, T5, 'PLEASE  ANSWER  THE  FOLLOWING  QUESTIONS,  FINISHING 

‘ i 


THIS  ROW  WILL  BE  STORED 
READ  IN  ONE  element 
.EQ.  0)  GO  TO  15 
STORE  ELEMENT 

SIZE  OF  MATRIX 


98 


INVERT 

INVERT 

• FOR 

FORTRAN  V.5(515)  /KI 

26-JUL-77 

17)31 

PAGE 

00113 

4 BY  A 

CR.'«//tT10«>ENTER  NUMBER  OF  MATRICES  : 

' .6) 

00114 

101 

format 

(T10« 'ENTER  DIMENSION 

OF  MATRICES  : '.S) 

00115 

102 

format 

(TlOf 'ENTER  filename 

OF  COVARIANCE  matrix  ■'•13. 

00116 

1*  : 'tS) 

00117 

103 

format 

(TlOt 'ENTER  filename 

fok  its  inverse  t ' 

.6) 

00118 

104 

FORMAT 

(//»T10.'THE'.13.'TH 

matrix  is  SINGULAR 

'.//) 

00119 

105 

format 

(TlOt'OO  YOU  want  all 

CUMR.  (YES>1/N0a0) 

) '.S) 

00120 

106 

format 

(TIO.'TYPE  IN  DESIRED 

COMP.  Indices  one 

BY  ONE.' 

• 

00121 

l/tTlOt 

'WHEN  FINISHED.  TYPE 

A ZERO.'./) 

00122 

107 

format 

(TIO.'TYPE  IN  COMP.  • 

: '.S) 

00123 

C 

00124 

200 

format 

(13) 

00125 

201 

format 

(AlO) 

00126 

202 

format 

(E14.7) 

00127 

203 

format 

(022.15) 

00128 

C 

00129 

C 

END  OF 

PROGRAM 

00130 

00131 

c 

END 

COMNON 

BLOCKS 

/•COMM. 

/(*40262) 

Cl 

*0 

SUBPROGRAMS 

CALLED 

INV 

SCALARS 

ANO 

ARRAYS  «•••  NO  EXPLICIT  DEFINITIOf^  - NOT  REFERENCED 

SING 

1 

•Jd 

2 •NB  3 

*K  4 

•NCL 

5 

•NS2A 

6 

•NSZ 

7 02  10 

OVAL  154 

•J 

156 

.S0007 

157 

.S0006 

160  01  161 

.S0005  325 

.S0004 

326 

•II 

327 

.S0003 

330  .S0002  331 

.SOOOl  332 

•SOOOO 

333 

INO 

334 

.SOOlO 

467  *NYN  470 

•I  471 

VMEAN 

472 

TEMPORARIES 

.00000  1027 

.00001  103U 

INVERT  NO  ERRORS  OETECTEO 


99 
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00001 

C 

00002 

SUSHOUTINE  INV(NSZ>SINGI 

00003 

parameter  NC0MP>91fNKs4200 

00004. 

c 

oooos 

c 

NK  a NC0MP4(NC0MP»1)/2 

00006 

c 

00007 

COMMON  CKltNCUMPfltNCOMPI 

00008 

OOUdLE  PRECISION  Cl 

00009 

DOUBLE  PRECISION  A ( 1 :nK) .R ( 1 :NK) 

00010 

c 

00011 

00  100  Jal.NSZ 

00012 

JJ  a NSZ*(J-1)*J 

00013 

TEMP  a 0. 

00014 

IF  (J  .EO.  1)  SO  TC  6 

00015 

DO  5 Mal.j.l 

00016 

JM  a NSZ»(J-1)*M 

00017 

3 

TEMP  a TEMP*ft(JM)**2 

00018 

6 

TEMP2  a C1(J.J»-TEMP 

00019 

R(JJ)  a SQRT(TEMP2) 

00020 

IF  (R(JJ)  .EQ.  0.)  60  TO  ISO  SINGULAR 

00021 

A(JJ)  a I./RIJJ) 

00022 

00  55  IaJ*l,NSZ 

00023 

IJ  a NSZ4(I«1)*J 

00024 

TEMP  a 0. 

00025 

IF  (J  .EG.  11  60  TO  55 

00026 

00  SO  Mal,j-1 

00027 

IM  a NSZ^d'D^M 

00028 

JM  a NSZ*(J-1)*M 

00029 

50 

TEMP  a T£MP»R(JM)*B(IM) 

00030 

55 

R(IJ)  a A(JJ)*(C1 (I.J)-TEMPl 

00031 

C 

00032 

IF  (J  .EO.  1)  60  TO  100 

00033 

00  80  La2tJ 

00034 

K a J-C-l 

00035 

JK  a NSZ*(J-1)*K 

00036 

TEMP  a 0. 

00037 

00  75  MaK.J-1 

00038 

JM  a NSZ*(J-1)*M 

00039 

MK  a NSZ«(M-1I»K 

00040 

75 

TEMP  a TEMP*R(JMI*A(MK1 

00041 

80 

A(JK)  a -A(JJ)*TEMP 

00042 

100 

CONTINUE 

00043 

C 

00044 

00  110  jal.NSZ 

00045 

00  110  lal.j 

00046 

Cl(Jtl)  a 0. 

00047 

00  105  KaJ*NSZ 

00048 

NX  a NSZ*(K-1)*1 

00049 

KJ  a NSZ»(K-1I*J 

00050 

105 

Cl(Jtl)  a Cl(JtI)*A(KI)4A(KJ) 

00051 

110 

C1(I>J)  a Cl(Jtl) 

00052 

SING  a 0 

00053 

RETURN 

00054 

c 

00055 

150 

SINS  a 1 

00056 

RETURN 

I 


100 
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00057  C 

00058  ENO 


'Sf'Viiii'-  i 


comhon  blocks 

/.COHM./(*40262) 

Cl  *0 

SUaPHOSRAMS  CALLED 

SORT. 

SCALARS  AND  ARRAYS  •••••  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


•SINS 

1 

•JJ 

2 

•K 

3 

•NSZ 

4 

•TEMP2 

5 

•ij 

6 

*M 

7 

*J 

10 

.30007 

11 

•JN 

12 

■'i. 

.S0006 

13 

.SOOOS 

14 

.50004 

IS 

.S0003 

16 

A 

17 

.S0002 

20337 

.SOOOl 

20340 

.SOOOO 

20341 

*KJ 

20342 

•TEMP 

20343 

R 

20344 

•SOOIO 

40664 

•L 

40665 

.10000 

40666 

•I 

40667 

•NK 

40670 

•IN 

40671 

•J« 

40672 

*KI 

40673 

TEMPORARIES 
.AOOlb  40674 

INV  NO  ERRORS  DETECTED 


CLASSl  CLASSl.FOR 
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oaosT 

00058 

00059 

00060 
00061 
00062 
00063 
00066 

00065 

00066 

00067 

00068 

00069 

00070 

00071 

00072 

00073 
00076 

00075 

00076 

00077 

00078 

00079 

00080 
00081 
00082 
00083 
00086 

00085 

00086 

00087 

00088 

00089 

00090 

00091 

00092 

00093 
00096 

00095 

00096 

00097 

00098 

00099 

00100 
00101 
00102 
00103 
00106 

00105 

00106 

00107 

00108 

00109 

00110 
00111 
00112 


I 


IF  (NON  0 .OR.  NON  .6T.  nCOMP)  GO  TO  9 

C 

C FIRST  TMO  parameters  CHECKED 

C 

00  15  I«lfNCL 
TYPE  103tl 
ACCEPT  201*01  (1) 

TYPE  106 
ACCEPT  201.02(1) 

16  TYPE  102 

ACCEPT  200*NIM(I) 

IF  (NIM(I)  .L£.  0 .OR.  NIM(I) 

15  CONTINUE 

C 

C ALL  FILENAMES  HAVE  NOw  SEEN  TYPED  IN 

C LAST  OF  all.  The  SELECTED  COMPONENTS  NUMBERS  PILL 

C BE  REQUESTED 

C 

TYPE  105 
ACCEPT  200. NYN 
IF  (NYN  .£Q.  0)  SO  TO  25 
00  20  1*1. NCO 
20  INO(I)  > I 

SO  TO  35 
C 

25  TYPE  106 

30  TYPE  107 

ACCEPT  EOO.NMB 
IF  (NMB  .LT.  0 .OR.  NMB 
IF  (NMB  .EQ.  0)  SO  TO  35 
INO(NMB)  a NMB 
80  TO  30 
C 

C NOP  ALL  INPUT  PARAMETERS  HAVE  aEEN  OBTAINED.  THE 

C PROGRAM  mill  start  COMPUTING  TnE  DISTANCES 

C 

NMB  a 0 

35  00  *0  Kal.NCO 

IF  (INO(K)  .NE.  0)  NMBaNMS*! 

60  CONTINUE 

IF  (NMB  .NE.  NOM)  STOP  'ERROR. 

00  80  Kal.NCL  LARGEST  LOOP 

OPEN  (MOOEa'BlNARY* .UNITB20.OEVlC£ai0SK'.FILEaO2(K) ) 
C 

C the  PROGRAM  mill  now  READ  IN  THE  MEAN  ANO  INV.  COV. 

C MATRIX  OF  CLASS  K 

C 

READ  (20.202)  (MEAN ( I > . lal .nOM) 

READ  (20.202)  ( (C ( I .J) . J«1 .NOM) . 1*1 ,nOM) 

CLOSE  (UNITaBO.OEVICEa'OSK*  .FlLE.a02(K) ) 

C 

C NOm  the  program  ENTERS  A SECONUARY  LOOP  THAT  HILL 

C LOOK  THROUGH  The  CLASS  PATTERNS.  CLASS  PER  CLASS 

C 

00  30  Lal.NCL 

OPEN  (MOOEa'BlNARY' .UNlTa20.0EVICEa'0SK' ,FILE»01 (L) ) 


ALL  COMPONENTS  SELECTED  ? 

IF  not.  ASK  FOR  SELECTION 
OThERMISE.  SELECT  THEM  ALL 

AND  CONTINUE 

MODE  OF  SELECTION 
ASK  FOR  A NUMBER 

.ST.  NCO)  80  TO  30  ERROR 

ENO  OF  INPUT 
SELECT  COMPONENT 
NEXT 


ASK  FOR  1ST  filename 
ASK  FOR  2N0  filename 
ASK  FOR  COMPONENTS  » 
.3T.  NIMAG)  SO  TO  16 


CLASSl  CLASSl.fOR 
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a 


00113 

00114 

00115  c 

00116  C 

00117  C 

oolia  c 

00119 

00120  C 

00121  C 

00122  C 

00123  C 

00124 

00125 

00126 
00127 
0012S 

00129  C 

00130  C 

00131  C. 

00132 

00133 

00134 

00135 

00136 

00137  70 

00138 

00139  75 

00140  C 

00141  C 

00142  C 

00143  C 

00144  30 

00145  C 

00146  C 

00147  C 

00148  C 

00149  C 

00150  C 

00151 

00152 

00153 

00154 

00155 

00156 

00157 

00158 

00159 

00160 
00161 
00162 

00163  85 

0016*  C 

00165  C 

00166  C 

00167 

00168  C 


NIMM  > NIM(L) 

READ  (20t202)  ( ( V ( I t J) • I>1 »NCO> • J>1 tNiHM) 

N08  THE  SET  OF  TRAINING  PATTERNS  OF  CLASS  L MAS  SEEN 
READ  IN.  The  distances  WILL  3E  COMPUTED 

DO  80  Mal.NIMCL) 

THE  distance  from  PATTERN  M OF  CLASS  L TO  CLASS  K 
WILL  NOW  BE  COMPUTED 

II  « 0 

DO  75  Nal.NCO 

IF  (INO(N)  .EQ.  0)  GO  TO  75  SKIP  UNSELECTED  COMP. 

II  a 11*1 

JJ  a 0 

II  AND  JJ  ARE  the  indices  IN  C AND  MEAN 

PROD  a 0.  TEMPORARY 

DO  70  NNal.NCO 

IF  (INO(NN)  .EO.  0)  60  TO  70 
JJ  a JJ^l 

PROD  a PROO*C(lItJj)*(HEAN(JJ)-V(NN,M) ) 

CONTINUE 

0IST<K»L*M)  a DIST(K»L*M)*PROO»(MEAN(II)-V(N,M> ) 
CONTINUE 

NOW  THE  DISTANCE  IS  COMPUTED 
SO  60  ON  TO  COMPUTE  THE  OTHERS 

CONTINUE 

ALL  DISTANCES  HAVE  NOW  SEEN  COMPUTED  AND  ARE 
STORED  IN  THE  ARRAY  DIST 

THEY  WILL  BE  PRINTED  AND  EXAMINED  FOR  CLASSIFICATION 
ON  A CLASS  PER  CLASS  BASIS 

DO  90  Lal.NCL 
TYPE  ISO.L 
PRINT  ISOtL 
PRINT  153 
NCORR  a 0 
DO  87  MaI,NIM(L) 

VMIN  a DIST(ltL»M) 

IMIN  a 1 
DO  85  Kal.NCL 
IF  (VMIN  .LE.  OIST(K.L.M)) 

VMIN  a OIST(KtLtM) 

IMIN  a K 
CONTINUE 

THE  pattern  IS  CLASSIFIED  IN  CLASS  K (SMALLEST  UIST.) 
IF  (IMIN  .EO.  L)  NCORRaNCORR*! 


TYPE  SOURCE  CLASS  NUMBER 

EXAMINE  EACH  COMP. 

INIT.  CLASSIFIER 
CLASSIF.  LOOP 
60  TO  85 

FO'JHO  A smaller 


CLASSl  CLASSl.FOR 
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00169 

C 

00170 

00171 

C 

00172 

00173 
00I7A 

00175 

00176 

00177 

87 

60178 

96 

00179 

C 

00180 

C 

00181 

c 

00182 

c 

00183 

c 

00I8A 

c 

00185 

00186 

99 

00187 

00188 

00189 

100 

00190 

101 

00I9I 

102 

00192 

00193 

103 

0019A 

104 

00195 

00196 

105 

00197 

00198 

106 

00199 

107 

00200  ' 

109 

00201 

C 

00202 

150 

00203 

0020A 

00205 

00206 

153 

00267 

151 

00208 

00209 

00210 

152 

00211 

C 

00212 

200 

00213 

201 

0021A 

202 

00215 

C 

00216 

C 

00217 

c 

00218 

00219 

c 

SUBPROGRAMS 

FLOAT. 

adjust  class,  count 

PRINT  ISlf  IRIN.  (OISTdtLfAi  tlaliNCL)  PRINT  INFO 

CONTINUE  NEXT  CONP. 

NFALS  « N1N(L)-NC0HR  GET  NUnBER  OF  ERRORS 

NIHN  a NIM<L) 

PER  a 100.*FL0AT(NC0RR) /FLOAT (NlMM)  SUCCESS  PERC. 

TYPE  152.NC0RR.NFALS»PER  TYPE  INFO 

PRINT  1S2.NC0RR.NFALS.PER 

CONTINUE  NEXT  CLASS 

END  OF  program 


format  block 

format  (//.TIO. 'THIS  PROGRAM  WILL  CLASSIFY  YOUR  TRAINING 
1 PATTERNS' ./.TIO. 'USING  A MINIMUM  DISTANCE  CLASSIFIER'* 
2/*TIO*'SOME  INFORMATION  IS  REwUIREOt  ANSWER  QUESTIONS* 

3 FINISHING  BY  CR**//) 

format  (TIO* 'ENTER  NUMBER  OF  CLASSES  : '*S) 

FORMAT  (TIO* 'ENTER  TOTAL  NUMdEK  OF  COMPONENTS  : '*$) 
format  (TIO. 'ENTER  NUMBER  OF  PATTERNS  IN  THIS  SET  : '.SI 
format  (TIO* 'ENTER  FILENAME  OF  TRAINING  SET  OF  CLASS'* 

113*'  : '*S) 

FORMAT  (TIO. 'ENTER  FILENAME  OF  INV.  COV.  MATRIX  : '*S) 

FORMAT  (TIO. 'DO  YOU  WANT  TO  USE  ALL  COMP.  (YESal* 

INOaO)  ? '.S) 

format  (TIO. 'TYPE  IN  THE  OESIREU  COMPONENTS  NUMBERS. 

I ONE  AT  A TIME. './.TIO. 'WHEN  FINISHED.  TYPE  A ZERO.'./) 
format  (TIO. 'TYPE  COMP.  « j '.S) 

FORMAT  (TIO. 'TYPE  IN  DIMENSION  OF  iNV.  MATRIX  : '*S) 

format  (///.T30. 'RESULTS  FOR  CLASS' . 13.//) 

FORMAT  (T2.'CLASSIF.:',20X. 'DISTANCES  TO  CLASSES)'./. 

2TI0.'  CLASS  I CLASS  2 CLASS  3 CLASS  a CLASS 
3 S CLASS  6 CLASS  7 CLASS  8 CLASS  9 

A CLASS  10'.//) 

FORMAT  (T3.I3.2X.ia(EI0.3.2X) ) 

FORMAT  (/.TIO* '—NUMBER  OF  CORRECT  CLASSIF.  :'.I3*/* 

ITIO*'  NUMBER  OF  ERRONEOUS  CLASSIF.  :'.I3./*TI0* 

2'  percentage  of  SUCCESS  S'.FIO.S*/) 

FORMAT  (13) 

FORMAT  (AIO) 
format  (EIA.7) 

END  OF  FORMAT  BLOCK 
AND  END  OF  PROGRAM 

END 


CALLED 


105 


CLASSl  CLASSl.FOR 
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SCALARS  ANO  ARRAYS  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


.S0020 

1 

•NCO 

2 

*JJ 

3 

MEAN 

6 

•N 

137 

*K 

1«0 

♦NCL 

161 

•PROD 

162 

•NFALS 

163 

•NOM 

164 

•IMIN 

165 

02 

166 

NIM 

172 

V 

206 

•M 

22020 

22021 

.S0007 

22022 

.S0006 

22023 

01 

22026 

.S0005 

22050 

•NIMM 

22051 

.S0006 

22052 

•II 

22053 

.S0003 

22056 

.S0002 

22055 

OIST 

22056 

.SOOOl 

65676 

.SOOOO 

65677 

•NMB 

65500 

.S0017 

65501 

I NO 

65502 

.S0016 

65635 

.soois 

65636 

.S0016 

65637 

.S0013 

65660 

.50012 

65661 

.soon 

65662 

.SOO-LO 

65663 

•PER 

65666 

•L 

65665 

•NYN 

65666 

•I 

656<»7 

•VHIN  '' 

s65650 

C 

65651 

•NCORR 

66002 

TEMPORARIES 
.00000  66326 


.00001  66327 


CLASSl  NO  ERRORS  DETECTED 


I 


I 

I 

t 


106  ! 
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00001 

00002 

00003 

00004 

oooos 

00006 

00007 

00008 

00009 

00010 

00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 

00050 

00051 

00052 

00053 

00054 

00055 

00056 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

1 


2 


9 


c 

c 


THIS  PROGRAM  mill  CLASSIFY  OlFFLNENT  PATTERNS 
3Y  USIN6  THE  MINIMUM-OISTANCE  JtClSlON  CRITERION 
THE  distance  measure  USED  IS  ThE  MAHALANOHIS  DISTANCE 
pITh  each  class  dEiNG  CHARACTERIZED  dY  A MEAN  VECTOR 
AND  AN  inverse  COVARIANCE  MATRIX  ( OR  A PRINCIPAL 
SUBMATRIX  of  the  latter  if  not  all  COMPONENTS  ARE 
USED  ). 

THE  USER  MUST  SUPPLY  THE  NUMBER  OF  CLASSES*  THE  NAMES  OF 
the  files  where  the  PATTERNS  ANU  THE  STATISTICS  ARE  TO 
BE  FOUND.  AND  The  »S  OF  THE  COMPONENTS  TO  SE  USED 
EACH  SET  OF  PATTERNS  ( ONE  PER  CLASS  ) IS  STORED  IN  A 
DIFFERENT  FILE.  AND  ThE  NUMBER  OF  PATTERNS  IN  TmE  FILES 
MUST  BE  supplied  TOO. 

THIS  program  is  not  intended  to  perform  as  a CLASSIFIER. 
BUT  ONLY  TO  dE  USED  IN  THE  VERIFICATION  OF  EXPERIMENTAL 

data  obtained  with  the  selection  programs. 

THE  OUTPUT  IS  A EXTENSIVE  LIST  OF  THE  DISTANCES  ( FROM 
EACH  PATTERN  TO  EACH  CLASS  ) AND  ThE  CLASSIFICATION 
number,  a list  of  CORRECT  ANO  INCORRECT  CLASSIFICATIONS 
IS  ALSO  PRINTED.  WITH  A PERCENT  ESTIMATE. 

PROGRAM  CLASS2 

parameter  NCLA5S«10.NINAOs64.NCUHPs91 

THESE  PARAMETERS  ONLY  DEFINE  UPPER  BOUNDS 

REAL  MEAN<1: NCOMP I . C < 1 : nCOMP . 1 : ncomp > . V < 1 : NCOmP • 1 : n 1m aG ) 
REAL  OISTd :nCLASS.1 :nCLASS.1:nIma6) 

DOUBLE  PRECISION  01 ( I :NCLASS) .02 < 1 :nCLASS) 

INTEGER  INO ( 1 :nCOHP) .nIM ( 1 :NCLASS) 

DATA  IN0/NCQmP*0/ 

M WILL  contain  a class*  mean 
C WILL  CONTAIN  A CLASS*  INVERSE  COV.  MATRIX 
OIST  WILL  CONTAIN  ALL  COMPUTED  uISTANCES 

V WILL  contain  the  patterns  OF  THE  CLASS  IN  CONSIDERATION 
NIM  WILL  CONTAIN  THE  NUMBER  OF  PATTERNS  IN  EACH  SET 
D1  WILL  CONTAIN  THE  NAMES  OF  TnE  PATTERN  FILES 
02  WILL  contain  the  NAMES  OF  THE  STATISTICS  FILES 
INO  WILL  flag  the  components  USED  FOR  CLASSIFICATION 

TYPE  99  MESSAGE  TO  USER 

TYPE  100  ASK  FOR  CLASS  NUMBER 

ACCEPT  200. NCL 

IF  (NCL  .LE.  0 .OR.  NCL  .GT.  NCLASS)  GO  TO  1 

TYPE  101  ASK  FOR  COMPONENT  NUMBER 

accept  200.NCO 

IF  (NCO  .LE.  0 .OR.  NCO  .GT.  NCOMP)  GO  TO  2 

TYPE  109  ASK  FOR  OIM.  OF  INV. 

accept  200. NOM 

IF  (NOM  .LE.  0 .OR.  NOM  .GT.  NCOMP)  SO  TO  9 


FIRST  TWO  Parameters  checked 


CLASS2  CLASS2.F0R 
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00057 

0005S 

00059 

00060 
00061 
00062 

c 

00063 

00064 

00065 

lA 

00066 

15 

00067 

C 

00068 

c 

00069 

c 

00070 

c 

00071 

00072 

00073 

00074 

00075 

c 

00076 

00077 

20 

0007a 

C 

00079 

25 

00080 

00081 

00082 

00083 

00084 

00085 

30 

00086 

C 

00087 

c 

0008B 

c 

00089 

c 

00090 

00091 

35 

00092 

C 

00093 

c 

00094 

c 

00095 

00096 

00097 

00098 

c 

00099 

c 

00100 

c 

00101 

c 

00102 

00103 

00104 

00105 

00106 

c 

00107 

c 

00108 

c 

00109 

c 

00110 

00111 

c 

00  15  l>ltNCL 

TYPE  103tl  ASK  FOR  1ST  FIIjENAME 

accept  201.01(1) 

TYPE  104  ASK  FOR  2N0  FILENAME 

ACCEPT  201.02(1) 

TYPE  102  ASK  FOR  COMPONENTS  « 

accept  200.NIM(I) 

IF  (NIM(I)  .lE.  0 .OR.  NIM(l)  .&T.  NIMA6)  60. TO  14 
CONTINUE 


ALL  FILENAMES  HAVE  NOW  BEEN  TYPbO  IN 

LAST  OF  ALL.  Th£  SELECTED  COMPONENTS  NUMSERS  WILL 

5E  REQUESTED 


TYPE  105 

ACCEPT  200. NYN 

IF  (NYN  .EQ.  0)  60  TO  25 

00  20  I>1.NC0 

INO(I)  ■ I 

60  TO  35 

TYPE  106 

TYPE  107 

ACCEPT  200. NMB 

IF  (NMB  .LT.  0 .OR.  NMB  .6T. 

IF  (NMB  ,E0.  0)  60  TO  35 

INO(NMB)  a NMB 

60  TO  30 


ALL  COMPONENTS  SELECTED  ? 
IF  NOT.  ASK  FOR  SELECTION 

otherwise,  select  Them  all 

ANO  CONTINUE 

MODE  OF  SELECTION 
ASK  FOR  A number 

NCO)  60  TO  30  ERROR 

END  OF  INPUT 
SELECT  COMPONENT 
NEXT 


NOW  all  input  parameters  have  db£N  OBTAINED.  THE 
PR06RAM  WILL  START  C0mPUTIn6  ThE  DISTANCES 

DO  dO  Kal.NCL  LAR6EST  LOOP 

OPEN  (MODEa • a iNARY • .UNI Ta20. DEVICE* 'OSK* .FILE«02(K) ) 

THE  PR06RAM  bill  NOW  READ  IN  TnE  MEAN  ANO  INV.  COV. 
matrix  of  CLASS  K 

READ  (20.202)  (MEAN ( I ) . lal .NOM) 

READ  (20.202)  ( (C ( I . J) . jal .NOM) . lax .NOM) 

CLOSE  (UNiTaZO.OEViCEa'OSK' .FILEa02(K) ) 


NOM  THE  program  ENTERS  A SECONDARY  LOOP  THAT  WILL 
LOOK  THROUGH  The  CLASS  PATTERNS.  CLASS  PER  CLASS 


00  BO  Lal.NCL 

OPEN  (MOOEaiBlNARY* .UNlTa20.OEVlCEa«OSK' .FILEaOl (L) ) 
NIMM  a NIM(L) 

READ  (20.202)  ( ( V ( I .U) . lal .NCO) • jal .NlMM) 

NOW  THE  SET  OF  TRaINIn6  PATTERNS  OF  CLASS  L HAS  BEEN 
READ  IN.  The  distances  WILL  BE  COMPUTED 


00  SO  Mal.NlM(L) 


CLASS2  CLASS2.F0R 


FORTRAN  V.S(S15>  /KX 


26-JUL-77 


17;a3  PASC  1-2 


00113 

OOllA 

OOllS 

001X6 

00117 

00118 

00119 

00120 
00121 
00122 
00123 

0012A 

00125 

00126 
00127 
0012B 

00129 

00130 

00131 

00132 

00133 
0013a 

00135 

00136 

00137 

00138 

00139 
OOlAO 

00141 

00142 

00143 

00144 

00145 

00146 

00147 

00148 

00149 

00150 

00151 

00152 

00153 

00154 

00155 

00156 

00157 

00158 

00159 

00160 
00161 
00162 

00163 

00164 

00165 

00166 

00167 

00168 


C 

c 

c 


70 

75 

C 

c 

c 

c 

80 

c 

c 

c 

c 

c 

c 


85 

c 

c 

c 

c 

c 

c 

87 


90 

c 

c 

c 

c 

c 


TH£  DISTANCE  FROM  PATTERN  M OF  CLASS  L TO  CLASS  K 
■ILL  NOa  BE  COMPUTED 

DD  75  N>ltNCO 

IF  (1ND(N>  .EQ.  0)  GO  TO  7S  SKIP  UNSELECTEO  COMP. 

PROD  ■ 0.  TEMPORARY 

DO  70  NNal.NCO 

IF  (INO(NN)  .EQ.  0)  60  TO  70 

PROD  ■ PR00*C(N«NNI*(MEAN(NN)-Y (NN<M) ) 

CONTINUE 

OIST(KtLtM>  ■ OIST(KtLfN)*PROO*(MEAN(N)-V(NtMI ) 
CONTINUE 

NON  THE  distance  is  computed 
SO  GO  ON  TO  COMPUTE  ThE  OTHERS 

CONTINUE 

ALL  distances  have  N0«  been  COnHUTEO  ANO  ARE 
STORED  IN  THE  ARRAY  OIST 

THEY  WILL  BE  PRINTED  ANO  EXAMINED  FOR  CLASSIFICATION 
ON  A CLASS  PER  CLASS  BASIS 

DO  90  LsltNCL 
TYPE  150. L 
PRINT  150. L 
PRINT  153 
NCORR  > 0 
DO  87  M«1.NIM(L) 

VMIn  > OIST(l.L.H) 

IMIN  « 1 
DO  as  Kal.NCL 
IF  (VMIN  .LE.  0IST(K.L.H>> 

VMIN  > OIST(K.L.M) 

IMIN  a K 
CONTINUE 

THE  PATTERN  IS  CLASSIFIED  IN  CLASS  K (SMALLEST  OIST.) 
IF  (IMIN  .EQ.  L>  NCORRbNCORR*! 

ADJUST  CLASS.  COUNT 

PRINT  151. IMIN. (DIST(I.L.M) .lal.NCL)  PRINT  INFO 

CONTINUE  NEXT  COMP. 

NFAlS  a N1M(l) -NCORR  GET  NUMBER  OF  ERRORS 

N I MM  * N I M ( L ) 

PER  a I00.4FLOAT(NCORR)/FLOAT(NImM)  SUCCESS  PERC. 

TYPE  152. NCCRR. NFALS. PER  TYPE  INFO 

PRINT  152. NCORR. NFALS. PER 

CONTINUE  NEXT  CLASS 

END  OF  PROGRAM 


TYPE  SOURCE  CLASS  NUMBER 

EXAMINE  EACH  COMP. 

INIT.  CLASSIFIER 
CLASSIF.  LOOP 
60  TO  85 

FOUND  A smaller 


format  BLOCK 


i 


I 


109 
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00169 

c 

00170 

00171 

00172 

00173 

99 

0017A 

100 

00175 

101 

00176 

102 

00177 

00178 

103 

00179 

lOA 

00180 

00181 

lOS 

00182 

00183 

106 

0Q18A 

107 

0018S 

109 

00186 

c 

00187 

150 

00188 

00189 

00190 

00191 

153 

00192 

151 

00193 

0019A 

0019S 

152 

00196 

C 

00197 

200 

00198 

201 

00199 

202 

00200 

C 

00201 

c 

00202 

c 

00203 

0020A 

c 

FORMAT  (//fTIOt'THlS  PROGRAM  WILL  CLASSIFY  YQUR  TRAINING 
1 PATTERNS' f/tTlOt 'USING  A MINIMUM  DISTANCE  CLASSIFIER'' 

2/«tio«'Some  information  is  reuuireo;  answer  questions* 

3 FINISHING  BY  CR'*//) 

FORMAT  (TlO* 'ENTER  NUMBER  OF  CLASSES  : '«S) 
format  (TlO* 'ENTER  TOTAL  NUMdEM  OF  COMPONENTS  : '*S) 
format  (TlO, 'ENTER  NUMBER  OF  PATTERNS  IN  THIS  SET  : '*S) 
format  (TlO, 'ENTER  filename  OF  TRAINING  SET  OF  CLASS'* 

113*'  : '*1) 

format  (TlO, 'ENTER  FILENAME  OF  INV,  COW.  MATRIX  : ',S) 

FORMAT  (TlO* '00  YOU  WANT  TO  USE  ALL  COMP.  (TES>1' 

1NO«0»  7 **S) 

format  (TlO* 'TYPE  IN  THE  OESIRtO  COMPONENTS  NUMBEhS* 

1 ONE  AT  A TIME. TlO* 'WHEN  FINISHED*  TYPE  A ZERO.'*/) 
format  (T10*'TYPE  CQMP.  • : '*S) 

FORMAT  (T10*'TYPE  IN  DIMENSION  OF  iNV.  MATRIX  : '*S) 

format  (///*T30* 'RESULTS  FOR  CLASS '* 13*//) 

format  (T2,'classif.:'*20x*'OISTances  tc  classes:'*/* 

2T10*'  CLASS  1 CLASS  2 CLASS  3 CLASS  A CLASS 
3 5 CLASS  6 CLASS  7 CLASS  S CLASS  <» 

A CLASS  10'*//) 

format  (T3*I3*2X*1Q(E10.3*2X)) 

format  (/,T10*' — NUMBER  OF  CORRECT  CLASSIF.  :'*13*/* 

ITIO*'  NUMBER  OF  ERRONEOUS  CLASSIF.  :'*I3*/*T10* 

2*  percentage  of  success  :'*F10.5*/) 

FORMAT  (13) 

FORMAT  (AlO) 
format  (E1A.7) 

ENO  OF  format  block 
ANO  ENO  OF  program 

ENO 


SUBPROGRAMS  CALLED 
FLOAT. 


SCALARS  ANO  ARRAYS  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


•NCO 

1 

MEAN 

2 

•N 

135 

•K 

136 

•NCL 

137 

•PROD 

lAO 

•NFALS 

lAl 

•NOM 

1A2 

•IMIN 

1A3 

02 

lAA 

NIM 

170 

V 

202 

•M 

13502 

•J 

13503 

.S0007 

13S0A 

.S0006 

13505 

01 

13506 

.50005 

13532 

•NIMH 

13533 

•SOOOA 

13S3A 

.S0003 

13535 

.S0002 

13536 

OIST 

13537 

.SOOOl 

30137 

.SOOOO 

301A0 

•NMB 

301A1 

.S0017 

301A2 

INO 

301A3 

.S0016 

30276 

.SOOIS 

30277 

.SOOIA 

30300 

.SU013 

30301 

.50012 

30302 

.soon 

30303 

.SOOlO 

3030a 

•PER 

30305 

*L 

30306 

•NYN 

30307 

•I 

30310 

•VMlN 

30311 

C 

30312 

•NCOHR 

50AA3 

•NN 

SOAAw 

110 


CLASS2  CLASS2.F0R  FORTRAN  V.5(515)  /KI  26-JUL-77 

TEMPORARIES 

.00000  50767  .00001  50770 

CLASS2  NO  errors  detected 
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THERE  ARE  11  commands  AVAILAdLE  : 

- I-  PARTIAL  Initialization  (reject  all  components) 

- 2-  select  specified  component 

- 3*  reject  specified  component 

- A-  select  The  next  best  component (S)  -for  a specified  number 

of  steps-  unless  the  contribution  is  belum  the  thkesholo- 
to-select 

- 5-  reject  the  next  POOHEST  component (S)  -for  a specified  number 

OF  STEPS-  UNLESS  THE  CONTRIBUTION  IS  BELOH  THE  TMRESHOLO- 
TO-REJECT 

- 6-  SET  THE  THRESMOLD-TO-SELECT  (REAL  VALUE) 

- 7-  SET  THE  TMRESMOLO-TO-REJECT  (REAL  VALUE) 

- a-  PRINT  A LINE  OF  SEPARATION 

- 9-  TYPE  status  to  THE  USER'S  TERMINAL 

-10-  PRINT  STATUS 

-11-  ENO  OF  PROGRAM 


IBIS  PAOE  IS  BEST  QUALITY  PRACHCABU 
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SELECl.FOP 
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00001 

00002 

00003 

0000* 

00005 

00006 

00007 

00008 

00009 

00010 
00011 
00012 
00013 
0001* 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 
00023 
0002* 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 
0003* 

00035 

00036 

00037 

00038 

00039 
000*0 
000*1 
000*2 
000*3 
000** 
000*5 
000*6 
00047 
000*8 
000*9 

00050 

00051 

00052 

00053 
0005* 
00055 
00U56 


THIS  RHOGRAf*  USES  «:LKS  MATrtlCti  TO  REPRESENT  A 
MULTICLASS  pattern  RECOGNITION  RRObLEM  "ITh 
THE  FIRST  TWO  STATISTICAL  MOMENTS 
THE  selection  of  COMPONENTS  IS  uunE  ACCORUING 
TO  TrtE  FOLLOWING  CRITERIA 

AT  any  stage t IF  SC  ASKEOt  REJECT  THE  COMPONENT 
NITh  The  smallest  contribution*  unless  This  Cun- 
TRiaUTION  IS  ABOVE  A SPECIFIEu  TMHESHOLO-TO-REmU VE 
AT  ANY  stage,  if  SC  asked.  aOO  (hE  COmPOnEnT 
WITH  THE  LARGEST  CONTRIbUT lUN.  UNLESS  THIS  CON- 
TRIBUTION IS  oElOw  a SPECIFIEu  ThHEShulD-TO-AOC 

THE  commands  also  ALLOa  TO  AOO  UR  A REJECT  a SPECIFIED 

COMPONENT.  TO  print  OR  TYPE  A saIEF  STATUS. 

the  SEARCH  IS  initiated  FOh  A aPEClFIEO  nuMSER  OF  STEPS 

PROGRAM  SELECl 

PARAMETER  NCOMP«63.NCLASS»BU.NiHA6»100 


THESE  Parameters  define  upper  sujnos  on  the  number 
OF  components  anO  The  NUMbtP  OF  CLASSES 

COmhOn  wi  (I  '.nCOmp.!  :hcomp)  .*2(1  :ncohp.  1 ;ncomp) 

COMMON  M(i  :nCOhP.I:nclaSS) *CUn( (1:nCOMP) 

COMMON  INO(1:nCOhP) .NhB ( 1 (NCLASa) 
double  precision  FN (1 :NCLAbS) .Nl.wa.M 
real  cont 

INTEGER  InO.nhb 

OATA  INC/'NCCmP*0/.CCNT/NCOhP*0/ 

W1  WILL  contain  the  pooled  COVMnlANCE  MATRIX 
*2  *ILL  CONTAIN  THE  VARlABLt  In»£rSE  OF  * 

M «iLL  contain  The  “Ean  vector  of  each  class 
INO  mill  keep  TRaCE  of  TnE  stLiCTEU  COhPOnEnTS 
CONT  WILL  STORE  THE  INOIVIUUmL  CONTRIBUTION  OF 

EACn  Component 

NM3  bIlL  contain  the  NUMbEh  OF  PATTERNS  In  EaCh  CLasS 
FN  will  store  Tnt  NAMES  OF  TnE  COVARIANCE  MATR.  FILES 


TYPE  100  MESSAGE  TO  USER 

type  131  ASK  FOR  number  OF  CLASSES 

accept  200. NCL 

IF  (NCL  .LE.  0 .Oh.  NCL  .GT.  N.LASi)  6U  TO  I 
TYPE  102  ASK  FOR  number  OF  COMP. 

ACCEPT  200. NCO 

IF  (NCO  .lE.  0 .UR.  NCO  .Gf.  NCOMP)  GO  Tu  2 


both  ansnEhs  Checked 

00  10  1*1. NCL 
TYPE  103.1 
accept  2Ul.FN(i) 

TYPE  IS* 

ACCEPT  200.nh'3(I) 


AaK  filename  Or  I-Tm  maTi., 

ASK  fom  number  of  im.  in  class 


; 


SELECl 

SEL£< 

00057 

00058 

10 

00059 

C 

00060 

C 

00061 

c 

00062 

c 

00063 

c 

00064 

c 

00065 

00066 
00067 

15 

00068 

C 

00069 

00070 

00071 

00072 

00073 

c 

00074 

c 

00075 

c 

00076 

00077 

00078 

20 

00079 

c 

00080 

c 

00081 

c 

00082 

00083 

30 

00084 

C 

00085 

00086 
00087 

35 

00088 

C 

00089 

00090 

00091 

00092 

C 

00093 

c 

00094 

c 

00095 

c 

00096 

00097 

so 

00098 

00099 

00100 

c 

00101 

c 

00102 

c 

00103 

00104 

00105 

c 

00106 

c 

00107 

c 

00108 

c 

00109 

1000 

00110 

00111 

00112 

1005 

FOHT>*kt*  V.*(5I5)  /HI 


i7-JUL-77 


l»;50  i»»eE  I-l 


IF  (NHS(I)  .L£>  0 .00.  NMod)  .ur.  rtIKAGI  GO  TO  3 
CO.NtTirjJE 

0AOAnETEfiS  InPuT  FIMSHEO 

THE  PROOkah  cILL  NOk  get  ThE  •!  AHu  H matrices 
ANU  initialize  TnE  »2  r'.ATAlX 

00  13  I«lfNCO 
00  IS  Jal.NCO 
• 1 ( I tj)  « 0. 

00  JO  Kal.NCL 

OPEN  (HOOEa'dlNARY' ,UNlTa20,u£ViC£«'OsH' .FlLEaFNlM ) 

AEAO  (20.202)  (Hd.K)  .lai.raCO)  hEaO  In  h-Th  hEA%  vector 
read  (20.202)  ( (a2(I.j)  .Ial.r.CJ>  .jai.NCO) 

this  temporary  storage  IS  oScO  To  RROORESsIVELT  FORM  al 

00  20  lal.NCO 
00  20  Jal.NCO 

RKI.J)  a N1  ( I.J)  .aE  ( I.J)  aNna  (id 

the  process  is  repeated  for  rlu  classes 

CLOSE  (UNITa20.0cVlCEa»QSH'.FlLC.aFN(K) ) 

CONTINUE 

00  35  lal.NCO 
00  35  Jal.NCO 
a2(I.J)  a 0. 


TA  a 0 . 
TB  a 0. 

aAL  a 0, 


InITIruIZE  THRESrOlOS 
iNin-kuIZE  alLKS'  MEASURE 


TrtE  INTIalIZaTION  IS  NOa  CORPlaTE 
The  program  enters  TrE  COMmanO  LOOP 

TYPE  105  MtSSAut  TO  USER 

type  106  ASK  For  COhmanO 

accept  200. ncm  get  ir 

IF  (NCH  .L£.  0 .OR.  NCH  .GT.  ll)  uO  TO  SO 
THE  COMMAND  IS  valid.  SO  EaECUTc. 

SO  TO  (1000*1100. 1209. 1300. laOu. 1500. 1600. 1700. 

11300. 1S00.2U0U)NCM  NUMERICAL  SalTCH  AS  COMMAND  iNTEr 


FIRST  command  ! rEwECT  »LL  CuM*''^n£nTS 

00  lOOS  lal.NCO 
iNOd)  a 0 
00  1003  jal.NCO 
<2(1. J)  a 3, 


JBZf  fAGS  IS  SSS^I  QUAIilTY  FR&CtICA&Il 
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SELECl 

SELECl 

.Fort  FORTrtA.n  I/, 5(515)  /Nl 
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0016<) 

CALL  OISTOP(<.«COfNCL.-i4L) 

UPDATE  «»IL;<S'  HtASUrtE 

00170 

CALL  iNVUP(rttNCO.NCL) 

UPDATE  Inverse  matru 

00171 

1350 

CONTINUE 

NEXT  STEP 

00172 

SO  TO  SO 

NEXT  COMMAND 

00173 

C 

00174 

1370 

TYPE  152 

TrtREbrtOLu-TO-AOD  rtEAChED 

00175 

print  152 

00176 

60  TO  30 

NEXT  COMMAND 

00177 

C 

00178 

1390 

TYPE  Ip* 

00179 

PRINT  13* 

ERROR t all  comp.  SEL. 

00180 

30  TO  50 

NEXT  COMMAND 

ooiai 

C 

00182 

c 

00183 

c 

FIFTrt  COmmamJ  ; kEjECT  n£aT  •OrtaT  COMPONENT 

00184 

c 

00185 

1400 

TYPE  109 

ASK  FOn  NUMoErt  OF  STEPS 

00186 

ACCEPT  200.NSTEP 

00187 

IF  (NSTEP  .Lt.  0 .Crt.  NSTEP  .Gf. 

NCO)  30  TO  1400 

00188 

00  l.»S0  L»lfNSTEP 

00189 

CALL  CNCON(iSCOfNCL) 

GET  CONTMlaUTIONa 

00190 

call  MIN(NC0>K) 

returns  Index  in  k 

00191 

IF  (K  .Eti.  U)  mO  TC  1490 

ALL  COMP.  ALREaUT  rejected 

00192 

Ratio  » ioo.^contco/^al 

00193 

IF  (RATIO  .uT.  Trt)  GO  TO  1*70 

TrtRESnOLD-TO-REJtCT  REACHED 

00194 

iNO(rt)  » 0 

REJECT  component 

00195 

TYPE  161*K.RATIti 

00196 

PRINT  loifK. Ratio 

Information 

00197 

CALL  OISTONd^.NCOtNCLfrtAL) 

UPUATE  MILKS'  MEASURE 

00198 

CALL  lNVON(rt»NCO.NCL) 

UPDATE  INVERSE  MATRIa 

00199 

1450 

continue 

NExT  STEP 

00200 

GO  TO  50 

NEXT  command 

00201 

c 

00202 

1470 

type  153 

T.HRE3hCL0-T0-R£JECT  hEAChED 

00203 

pRInT  153 

00204 

GO  TO  30 

NEXT  COMMAND 

00205 

c 

00206 

1490 

TYPE  133 

00207 

print  133 

ERROR*  all  comp,  rejected 

00208 

GO  TO  50 

nEat  command 

00209 

C 

00210 

c 

00211 

c 

sixth  COhmano  : SET  ThRE3r-OLU-7u 

-AuO 

00212 

c 

00213 

1500 

type  110 

ASK  FOR  TMREShOLU-TO-AOD 

00214 

«CC£PT  203. Ta 

00215 

IF  (TA  .lT.  0.)  60  TO  13Ul 

00216 

30  TO  SO 

NEaT  COMMAND 

00217 

c 

00218 

c 

00219 

c 

SEYE-vTi  C0mm«nj  : SET  ThRlShOLu” 

TO-REJECT 

00220 

c 

00221 

1600 

TYac  lii 

AaK  FOR  TnRESnuLj-TO-RE JtCT 

00222 

ACCEPT  Euj.Th 

00223 

IF  (TR  .lT.  0.)  30  TO  1600 

00224 

■TO  TO  50 

NEAT  CC'I'-IAND 

0 


I 
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00225 

00226 

00227 

00228 

00229 

00230 

00231 

00232 

00233 

00234 

00235 

00236 

00237 

00238 

00239 

00240 

00241 

00242 

00243 

00244 

00245 

00246 

00247 

00248 

00249 

00250 

00251 

00252 

00253 

00254 

00255 

00256 

00257 

00258 

00259 

00260 
00261 
00262 

00263 

00264 

00265 

00266 

00267 

00268 

00269 

00270 

00271 

00272 

00273 

00274 

00275 

00276 

00277 

00278 

00279 
002SO 


EIOnTM  COHFanu  : FRInT  a lXNE  ur  SEPARATION 


print  170 
GO  TO  SO 


ninth  CCnhanO  : TYPE  STATUS 
NS  > 0 

00  1805  laUNCU 

IF  (INO(I)  .nE.  01  Nd3N8*l 

CONTINUE 

TYPE  I o2  *N0  t irML  t T A f TR 
CALL  SN8(NC0) 

TYPE  163. (CCNTCI) .I*1.n91 
type  1o4 
GO  TO  30 


TENTn  CONMANu  : PRINT  STaTuS 
NB  « 0 

00  1905  lAl.NCU 

IF  (INU(l)  .N£.  0)  NBzNd*! 

CONTINUE 

print  162»NPf«ALtTA,TR 
CALL  SN8(NC0) 

PRINT  163*  (CONT(I)  »lAl.Nii) 
print  171 
GO  TO  50 


PRINT  A separation  LINE 
NEAT  CONMANO 


JUSTIFY  NUHdtRS  OF  SEL. 
CuNP.  TO  THE  LEFT  OF  COnT 


NEXT  command 


NEaT  command 


ELEYENTm  C0“m4n0  : END  OF  PhOGmam 

STOP  'NORMAL  Ending* 


format  block 

format  (///.TlO.'Tr 
ISUMEMENTS. • ./.Tio* 
20N3*  finishing  6Y 
format  (TIO. 'Enter 
format  (TIO. 'ENTER 
format  (TIO. 'ENTER 
format  (TIO. 'ENTER 
format  (/.Tlo. 'TnE 
1 Enter  the  command 
format  (tio. 'Enter 
format  (TlO. 'ENTER 
formaT  (TIO. 'Enter 
format  (TIO.'EnTER 
format  (TIO.'EnTER 


is  PRuGmAM  «11.L  mELP  you  SELECT  MgA 
*PLEA6£  MNS-'tR  Tn£  FCLlOmIng  JoESTI 
CP.'.//) 

NU'-iaER  OF  Classes  t '.*) 
n'JMaEk  of  Cj.'POn.  : '.Sl 
filename  FOm  CLaSS'.I3.'  ! '.*) 

. OF  Images  in  tmis  class  i '..i 

INITlALlZATiON  is  NOa  FINISHED.  YOU 
LOOP. ' .//) 

fOuR  COMmanO  (l-m  : '.il 
A OF  COMP.  Ivj  bE  ADDED  : '.SI 
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00307  202  format  (022.16) 

00308  203  format  (rd.3) 

00309  C 
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00033 

c 

Th£  measure  Is  NU*  uPOaTEu 

00034 

c 

0003S 

RETURN 

00036 

EN'J 

COMNON 

3L0CKS 

/.COM**. 

/ (♦*4136) 

■ 1 

• 0 

•2  ♦IT*«2  R *37004  CONT  •43734  InO 

•44033 

NMB 

♦44132 

SUB6*)00a«MS  C4LL20 

SCALARS 

ANC  arrays  •••"  no  EArLICIT  OEFlNlTlOn  - NOT  HEFEnEi^CcO 

•»*C0 

1 

•K  2 •NCL  3 ‘aAL  4 .SOOOl 

9 

.SOOOO 

6 

TErP  7 •L  11  *l  U 

— 

OISTON  SELECl.FOH  fORT«AN  V.5(515)  /M  27-JUL-77  i-^lSO 

TEMPORARIES 

OISTON  NO  errors  oetecteo 
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MAIN. 

SELECl 

•FOR  FORTRAN  V.SIS’S)  /Nl  27-JUL-77  19:50  ?ASE  1 

00001 

C 

00002 

c 

00003 

c 

OOOOA 

SUnHOUTiNE  INVJP(F.NC0»NCL) 

oooos 

Parameter  NcoMp*63tNCLASS*2o»NiMAbaioo 

00006 

c 

00007 

COMMON  *1(1: nCOmp  f 1 : NCOmp ) t «2 ( i : nCOmP • 1 : nCOmp ) 

00008 

COMMON  M ( 1 :NC0rtP.l :NCLASSI tCONT ( 1 SNCOmP) 

00009 

common  INO  ( 1 : NCOMP)  «N>M6(  1 iNCuAbs) 

OOOlO 

OOUoLE  PRECISION  M1,W2,M 

OOOli 

real  CONT 

00012 

INTEGER  INOiNMd 

00013 

OOUaLE  PRECISION  Z(1:nC0mp) tdEiAfTEMR 

00014 

c 

00015 

c 

00018 

c 

COMPUTE  TrtE  VECTOR  PROOUCT  »i2*«ilK) 

00017 

c 

00018 

00  10  I»ltNCO 

00019 

Z(I)  « 0. 

00020 

IF  (INO(I)  .EO.  0)  GO  TO  10 

00021 

IF  (1  .E».  K)  GO  TO  10 

00022 

DO  10  JslfNCO 

00023 

IF  (INO(J)  .EU.  0)  GO  TO  10 

00024 

IF  (J  .Eu.  K>  GO  TC  10 

00025 

Z(I)  s Z(I) *»2( I«J)*41 (J<K) 

00026 

10 

CONTINOE 

00027 

c 

00028 

c 

FORM  TmE  SCaLAH  PRCOUCT  Z*k(K) 

00029 

c 

00030 

TEMP  a 0. 

00031 

00  30  lal.NCO 

00032 

IF  (INO(I)  .EO.  0)  GO  TO  30 

00033 

IF  (I  .EO.  R)  GO  TC  30 

00034 

TEMP  » TEmPmZ (I ) “al ( I.K) 

1 00035 

30 

CONTINUE 

: 00036 

1 00037 

c 

OOOJd 

c 

TEST  FOR  POSITIVE-CEFINITEnESS 

00039 

c 

00040 

IF  (3ETA  .GT.  0.)  GO  TO  15o  ERROR.  NOT  POSITivE-OEFINITE 

00041 

TYPE  200  SO  TYPE  A MARNINb 

00042 

200 

Format  (TIO.  ••AHnING  : no  more  r-OS.OEF.  • ./) 

00043 

c 

00044 

150 

>2(K.K)  a l./dETA 

00045 

00  40  lal.NCO 

00048 

IF  (INU(I)  .Ed.  0)  GO  TO  40 

00047 

IF  (I  .Ed.  X)  GO  TC  40 

00048 

•2(1. K)  a -Z(I)/dETA 

00049 

•2(X.I>  a W2(I.K) 

OOOSO 

40 

continue 

00051 

C 

00052 

C 

TME  n£»  mO»  anO  the  NEa  COLUMN  OF  Tm£  INVERSE  MavE 

U0053 

C 

9E£i>i  OFOaTEC*  CUO  900Y  mILu  ixOk  at  UFUATCD* 

00054 

r 

00055 

00  30  lal.NCO 

00056 

1 

IF  (INo(l)  .C.O.  v)  GO  TO  30 

■4 


IHIS  PAGE  IS  BEST  QUALITY  PRACIICABLS 
jBOli  COPT  FURNISHED  TO  DDC ' 

a 

■/ 
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main. 

SELECl 

.FOR  FORTRAN  v.S(315>  /HI  27-JUL-77 

19:50 

PAGE  1 

00001 

C 

00002 

C 

00003 

c 

OOOOa 

SUdMOUriNE  INVDN(K*NC0<NCL} 

00005 

Parameter  ncomm«63.nclassa2u.nxma6aioo 

00006 

c 

oooor 

common  m1(1:nCDhP.1:nC0HP) .h2 ( i snCUMP. 1 :nC0MP) 

OOOOd 

common  m(1:nC0mP,i:ncl4SS) .CWNf (i:nC0mP) 

00004 

common  INO(1:nC0mp) .nms (1 :nClA3a) 

00010 

OODbLE  PRECISION  «1,W2«M 

00011 

real  coni 

00012 

integer  INO.NMa 

00013 

c 

00014 

00  2U  I*1«nCQ 

00015 

IF  {IND<I)  .EQ.  u)  GO  TO  20 

00016 

IF  (I  .EO.  <1  GO  TC  20 

00017 

00  20  J»IfNCQ 

OOOld 

IF  (XNO(J)  .EO.  0)  GO  TO  20 

00019 

IF  (J  .EQ.  K)  GO  TC  20 

00020 

«2(I«J)  * >i2(X.J1>*2(I«K)*<>2<J.M/»2(K«K) 

00021 

*2(DtI)  3 •i2(I.J) 

00022 

20 

CONTINUE 

00023 

c 

00024 

c 

nOa  the  MAIN  doOY  OF  THE  iNVERat  MuS  SEEN  UPOaTEU 

00025 

c 

the  excess  nUa  ANO  COLUMN  mIlL  bE  2ER0E0 

0002b 

c 

00027 

DO  30  laltNCO 

00028 

a2(I.K)  a 0. 

00029 

30 

a2(K.I>  a 0. 

00030 

RETURN 

00031 

ENU 

COmnUN 

3LQCKS 

/.COMM, 

/(♦44156) 

■ I 

*0 

•2  *17»o2  M *37004  CONT  .43734 

I NO 

♦44033 

NMd 

*44132 

SU3PM0GR4MS  CALLED 

SCALAMb 

ANC  arrays  NO  EXPLICIT  OEFI:<ITIO'<  - NOT  REFERENCED 

•NCO 

1 

*K  2 ANCL  *J  3 

.30002  4 

.30001 

5 

.SoOOO  6 *1  7 

TEMPORARIES 

INVON 

nO  oetecteo 

133 


THERE  ARE  21  COMMANDS  AVAILABLE  : 


- 1- 
- 2- 

- 3- 

- ♦- 
- 5- 


-ll- 


-12- 

-13- 


-lA- 

-15- 

-16- 

-17- 

-18- 

-19- 

-20- 

-21- 


PRINT  A LINE  OF  SEPARATION  1 

PARTIAL  INITIALIZATION  (REJECT  ALL  COMHUNENTSt  RESET  ALL  -EIGHTS)  i 

SELECT  SPECIFIED  COMPONENT 
REJECT  SPECIFIED  COMPONENT 

SELECT  NEXT  BEST  COMPONENTIS)  USING  THE  mEIQMTEO  AVERAGE 
OF  ALL  INTERCLASS  DISTANCES  AS  CRITERION!  THIS  IS  DONE 
FOR  THE  SPECIFIED  NUMBER  OF  STEPS.  UNLESS  ThE  CONTRIBUTION 
IS  BELOW  THE  THRESHOLU-TO-SELECT 

REJECT  THE  NEXT  POOREST  COMPONENT (S)  USING  THE  SAME  CRITERION 
AS  ABOVE.  This  is  done  for  the  specified  number  OF  STEPS. 
unless  the  contribution  is  ABOVE  ThE  ThRESHOLO-TO-REjECT 
select  the  next  best  component tS)  using  the  weighted  average 

OF  ALL  INTERCLASS  DISTANCES  RELATIVE  TO  A SPECIFIED  CLASS 
AS  CRITERION!  THIS  IS  DONE  FOR  THE  SPECIFIED  NUMBER  OF  STEPS 
unless  The  contribution  IS  below  The  ThheSHOLO-TO-SElECT 
REJECT  THE  NEXT  POOREST  C0MO0NENT(SI  UalNG  ThE  SAME  CRITERION 

AS  ABOVE.  This  is  done  for  the  specifieu  number  of  steps, 

UNLESS  The  contribution  is  below  The  ThkESHOLO-TO-REJECT 
SELECT  the  next  BEST  COMPONENT (S)  USING  THE  DISTANCE  BETwtEN 
TWO  SPECIFIED  CLASSES  AS  CRITERION.  THIS  IS  DONE  FOR  THE 
SPECIFIED  number  OF  STEPS.  UNLESS  THE  CONTRIBUTION  IS  BElOW 
THE  TMRESHOLO-TO-SELECT 

REJECT  THE  NEXT  POOREST  COMPONENT (S)  USING  THE  SAME  CRITERION 
AS  ABOVE,  this  IS  DONE  FOR  THE  SPECIFIED  NUMBER  OF  STEPS. 
unless  The  contribution  is  ABOVE  the  ThhESHOLD-TO-REjECT 
TTPE  TO  THE  USER’S  TERMINAL  The  OISTANCES  BETWEEN  TWO  SPECIFIED 
CLASSES 

TYPE  TO  THE  USER'S  TERMINAL  THE  LIST  OF  THE  SELECTED 
COMPONENTS 

TYPE  TO  THE  USER’S  TERMINAL  THE  SHORT  STATUS 
(I.E.  NUMBER  OF  SELECTED  COMPONENTS.  AVERAGE  UNWEIGHTED 
INTERCLASS  distance  AND  ITS  STANDARD  DEVIATION.  MINIMUM 

distance  and  its  Pair  of  classes,  and  both  thhesholos) 

print  THE  short  STATUS.  PLUS  THE  LIST  OF  THE  SELECTED  COMPONENTS 
PRINT  THE  SHORT  STATUS.  THE  LIST  OF  THE  SELECTED  COMPONENTS. 

AND  The  list  of  all  INTERCLASS  DISTANCES  WITH  THEIR  WEIGHTS 
SET  ThRESHOLO-TO-SELECT  (A  REAL  VAuUE) 

SET  THRESHOLO-TO-REJECT  (A  REAL  VALUE) 

ASSIGN  weight  (A  REAL  VALUE)  TO  THE  DISTANCE  BETWEEN  A 
SPECIFIED  PAIR  OF  CLASSES 

TYPE  TO  THE  USER’S  TERMINAL  THE  WEIGHT  ASSIGNED  TO  THE  DISTANCE 
between  a SPECIFIED  PAIR  OF  CLASSES 

TYPE  TO  THE  USER'S  TERMINAL  THE  MINIMUM  INTERCLASS  OISTANCE 
AND  ITS  PAIR  OF  CLASSES 

END  OF  PROGRAM  (SAVE  CURRENT  INVERSE  CUVARlANCE  MATRICES 
ON  OISK) 
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MAIN 
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2-AU6-T7 


ia:a3  Rase  i 


1 


I 


00001 

C 

00002 

c 

00003 

c 

00004 

c 

oooos 

c 

00006 

c 

00007 

c 

00008 

c 

00009 

c 

00010 

c 

00011 

c 

00012 

c 

00013 

c 

00014 

c 

00015 

c 

00016 

c 

00017 

00018 
00019 

c. 

00020 

c 

00021 

00022 

00023 

00024 

00025 

00026 

00027 

00028 

c 

00029 

c 

00030 

c 

00031 

c 

00032 

c 

00033 

c 

00034 

c 

00035 

c 

00036 

c 

00037 

c 

00038 

c 

00039 

c 

00040 

c 

00041 

1 

00042 

00043 

00044 

2 

00045 

00046 

00047 

00048 

00049 

00050 

00051 

00052 

c 

00053 

c 

00054 

c 

00055 

c 

00056 

10 

THIS  PROGRAM  IS  OESIGNEO  TO  PROVIDE  INTERACTIVE 
SELECTION  OF  FEATURES  (»  COMPONENTS)  FOR  A PATTERN 
RECOGNITION  system 

THE  INPUT  TO  The  program  CONSISTS  OF  A SET  OF  FIUESt 
EACH  OF  MHICH  CONTAINS  A MEAN  VECTOR  ANO  A 
COVARIANCE  MATRIX  (AS  PROOUCEDt  TYPICALLYt  BY  THE 
ROUTINE  STAY. FOR).  THE  USER  MUST  SUPPLY  THE  NUMBER 
OF  THESE  files*  ThE  DIMENSION  OF  THE  MATRICES*  AS  MELL 
AS  THE  NAMES  OF  THE  FILES. 

THEN  ONE  HAS  A SET  OF  21  COMMANUS  AT  HIS  DISPOSITION* 
NUMbERED  FROM  1 TO  21.  A COMMAND  IS  SELECTED  8Y  TYPING 
IN  ITS  CODE  NUMBER.  SOME  COMMANUS  REQUIRE  ADDITIONAL 
INFORMATION*  THAT  «ILL  BE  REQUESTED  FROM  THE  USER  AS 
NECESSARY. 

PROGRAM  SELEC2 

parameter  NCLASSaa*NC0MPB33*N0IST>56 


COMMON  Cl (1:NC0MP*1 ;ncOMP*i:nclass>  *C2 ( 1 inCOMP* 1 :nCOmP* 1 :nCLASS) 
COMMON  I NO ( 1 : NCOHP I * M ( 1 : NCOMP  *1:ncLaSS)»01ST(1:n0IST) 
common  CONT ( 1 INCOMP) .WEIGHT ( 1 INUIST) *Z ( 1 INCOMP) 
real  CONT.OIST.WEIGhT 
INTEGER  INO 

double  precision  C1*C2*M*2 

DOUBLE  PRECISION  0 ( 1 INCLASSI *02 ( 1 iNCLASS) 

THE  ARRAY  D CONTAINS  THE  NAME  OF  THE  FILES 

Cl  contains  the  covariance  matrices  OF  ALL  classes 
C2  contains  the  current  inverse  covariance  matrices 

M CONTAINS  The  mean  VECTORS  OF  ALL  CLASSES 
CONT  IS  USED  TO  STORE  THE  INDIVIDUAL  CONTRIBUTION  OF 
EACH  COMPONENT  TO  THE  TUTAL  DISTANCE 
WEIGHT  CONTAINS  The  WEIGHT  ASSIGNED  TO  EACH  INTERClaSS  DISTANCE 
OIST  CONTAINS  ALL  INTERCLASS  DISTANCES 
INO  KEEPS  trace  of  the  SELECTED  COMPONENTS. 

(A  ZERO  MEANS  that  THE  COMPONENT  IS  NOT  SELECTED* 

ANY  OTHER  value  means  THAT  THE  COMPONENT  IS  SELECTED) 

TYPE  100 

accept  200.NCU  GET  NUMBER  OF  CLASSES 

IF  (NCL  .6T.  NCLASS  .OR.  NCL  .LE.  0)  GO  TO  1 

type  101 

accept  200.NCO  GET  NUMBER  OF  COmPON. 

IF  (NCO  .6T.  NCOMP  .OR.  NCO  .LE.  0)  GO  TO  2 
DO  10  lal.NCL 
TYPE  102*1 

ACCEPT  201*0(1)  SET  FILENAME  OF  CLASS  I . 

type  118 

accept  201*02(1)  GET  OUTPUT  FILENAME 

02  WILL  bE  USED  AT  THE  END  OF  The  PROGRAM*  TO  WRITE 
THE  COMPUTED  COVaRIancE  INVERSES  TO  DISK 


CONTINUE 


L3? 


rl 


SELEC2 

000S7 

00068 

00059 

SELE( 

00060 

00061 

C 

00062 

C 

00063 

15 

00064 

C 

00065 

C 

00066 

c 

00067 

00068 

00069 

00070 

00071 

00072 

c 

00073 

c 

00074 

c 

00075 

c ■ 

00076 

c 

00077 

00078 

00079 

00080 
00081 
00082 

20 

00083 

c 

00084 

c 

00085 

c 

00086 

c 

00087 

c 

00088 

c 

00089 

c 

00090 

00091 

00092 

00093 

100 

00094 

101 

00095 

102 

00096 

00097 

00098 

103 

00099 

104 

00100 

118 

00101 

C 

00102 

200 

00103 

201 

00104 

202 

00105 

C 

00106 

c 

00107 

c 

00108 

c 

00109 

c 

00110 

c 

00111 

00112 

1000 
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00  IS  laltNCL 

OPEN  (MOOEa'dlNARY* ,UNlTa20tOEVlCE>'OSK'«FIUE>O(l) > 
READ  (ZOfZOZ)  ,J-1>NC0) 

READ  IN  MEAN  VECTOR 

HEAO  (20*202)  ((Cl(J*K*l)*Jal*NCO)fKaltNCOI 

READ  IN  COV.  MATRIX 

CONTINUE 

THIS  LOOP  HAS  nEaO  the  MEAN  VECTORS  AND  INVERSE 
COVARIANCE  matrices  IN  THE  ARRAY  C 


TR  > 0. 

TA  « 0. 

NOIS  ■ NCL*(NCL-l) 
TYPE  103 
SO  TO  1100 


initialize  thresh,  to  0 

ENO  OF  INITIALIZATION 
RESET  ALL 


THE  initialization  IS  NOP  FINISHED*  ANO  THE  PROGRAM 
ENTERS  The  COMMAND  LOOP 

TYPE  lOA  ASK  FOR  COMMAND 

ACCEPT  200*NCM  GET  IT 

IF  (NCM  .lE.  0 .OR.  NCM  .GT.  21)  GO  TO  20 
60  TO  (1000*1100*1200*1300y1aoO*1SOO*1600* 
11700*1800*1900*2000*2100*2200*2300*2400* 

22600*2600 *2 700 *2800 *2900* 3000) NCM 

this  is  THE  •command  INTERPRETER'  USING  A SIMPLE 
numerical  smitch  to  select  a destination  label 


format  block 

FORMAT  (///,T5* 'THIS  PROGRAM  vlLL  HELP  YOU  SELECT  THE 

1 BEST  COMPONENTS. './.TS* 'SOME  PARAMETERS  ARE  NEEDED. 

2 ANSWER  THE  FOLLOmING  QUESTIONS* • «/*TS* 'FINISHlNto  9Y 

3 CR.'*//»T10*'ENTER  • OF  CLASSES  : '.S) 
format  (TIO. 'ENTER  TOTAL  » OF  COMPONENTS  : ».S) 
format  (TIO.'ENTER  filename  for  class  P'.IS*'  : '.S) 
format  (/.T5*'ThE  INITIALIZATION  IS  COMPLETE.  YOU  NOW 

1 Enter  the  command  loop.'*/*t6*'The  21  commands  are 

2 LISTED  IN  the  INSTRUCTION  NOTICE. • «///) 

FORMAT  (/*T10*'TYPE  IN  YOUR  COMMAND  CODE  (1-21)  : 'tS) 
format  (TIO.'ENTER  OUTPUT  FILENAME  FOR  THIS  CLASS  ( ••$) 

FORMAT  (13) 
format  (AlO) 

FORMAT  (022.15) 

ENO  OF  format  block 


FIRST  command 


PRInT  139 
60  TO  20 


PRINT  A LINE  OF  SEPARATION 
NEXT  COMMAND 


136 


SELEC2 

SELEC2 

.rOR  fORTRAN  V.S(515)  /K1 

2-AU6-77  14:43  PAGE 

00113 

C 

00114 

C 

second  command 

OOllS 

c 

00116 

1100 

DO  1110  I>ltNCO 

00117 

1110 

INDII)  > 0 

DELETE  ALL  COMPONENTS 

OOllS 

DO  1120  I-UNDIS 

00119 

■ElOMTd)  a 1. 

RESET  aEISHTS  XO  1. 

00120 

1120 

0IS.T<1I  a 0. 

00121 

00  1130  KaltNCL 

00122 

DO  1130  lal.NCO 

00123 

DO  1130  Jal.NCO 

00124 

1130 

C2(I«OtK)  a 0. 

RESET  ALL  current  INVERSES 

00125 

00  TO  20 

NEXT  COMMAND 

00126 

c 

00127 

c 

THIRD  COMMAND 

00128 

c 

00129 

1200 

TYPE  110 

00130 

accept  200 « I 

SET  component  specific. 

00131 

If  (I  .OT.  NCO  .OR.  I .LE.  0) 

SO  TO  1200 

00132 

IF  (INOIl)  .NE.  0)  SO  TO  1210 

00133 

c 

00134 

c 

THE  INPUT  HAS  NOa  BEEN  TH0R0U6HLY  CHECKED 

00135 

c 

00136 

INOIII  a 1 

ADD  SPECIFIED  COmP. 

00137 

CALL  0ISTUP(I«NC0>NCL> 

UPDATE  distances 

00138 

CALL  INVUPdtNCOtNCL) 

UPDATE  inverses 

00139 

SO  TO  20 

NEXT  COMMAND 

00140 

c 

00141 

1210 

TYPE  132 

COMP,  already  selected 

00142 

SO  TO  20 

00143 

c 

00144 

c 

FOURTH  COMMAND 

00145 

c 

00146 

1300 

TYPE  111 

00147 

ACCEPT  200.1 

SET  COMPONENT  SPECIFIC. 

00148 

IF  d .ST.  NCO  .OR.  I .L£.  0) 

SU  TO  1300 

00149 

IF  (INOd)  .EQ.  0)  GO  TO  1310 

00150 

c 

OOISI 

c 

CHECK  finished 

00152 

c 

00153 

INOd>  a 0 

delete  specif.  COMPON. 

00154 

CALL  DISTDNd.NCO.NCL) 

UPDATE  distances 

00155 

CALL  INVONd.NCO.NCL) 

UPDATE  INVERSES  - 

00156 

SO  TO  20 

NEXT  COMMAND 

00157 

c 

00158 

1310 

TYPE  133 

COMP,  already  deleted 

00159 

60  TO  20 

00160 

c 

00161 

c 

FIFTH  COMMAND 

00162 

c 

00163 

1400 

TYPE  117 

ASK  FOR  a OF  STEPS 

00164 

accept  200.NST 

00165 

IF  (NST  .lE.  0 .OR.  NST  .ST. 

NCU)  60  TO  1400 

00166 

00  1460  MMal.NST 

LOOP  through  a OF  STEPS 

00167 

00  1410  lal.NCOMP 

00168 

1410 

CONT(I)  a 0. 

CLEAR  CONTRIB. 

I 


1 


I 


StLZCZ  SeLCCa.FOR  FORTRAN  V.S(515)  /KI 
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I 

I 


00169 

00170 

00171 

00172 

00173 
GFTNOIM 
GPTNOIM 
0017* 

00175 

00176 

00177 

00178 

00179 

ooiao 

00181 

00182 

00183 

00184 

00185 

00186 

00187 

00188 

00189 

00190 

00191 

00192 

00193 

00194 

00195 

00196 

00197 

00198 

00199 

00200 
00201 
00202 

00203 

00204 

00205 

00206 

00207 

00208 

00209 

00210 
00211 
00212 
•PTNOIM 
SFTNOIM 

00213 

00214 

00215 

00216 
00217 
00210 

00219 

00220 


70  AVERAGE  CON7R. 


LINE 

LIME 

1450 

C 

c 

c 

c 

c 


WT  a 0. 

00  1450  Kal.NCL 
00  1450  Lal.NCL 
IF  IK  .EO.  L)  GO  70  1450 

CALL  UPOATl (NCOtNCLtKvLtPT)  UPOAlE  COMP.  CONTrtlS. 

100173  POSSIBLE  00  INOEA  MODIFICATION  INSIOE  LOOP 
100173  POSSIBLE  00  INDEX  MODIFICATION  INSIOE  LOOP 
CONTINUE  NEXT  CLASS 

tme  contribution  of  Each  unselecteo  component  to 

THE  AVERAGE  INTERCLASS  DISTANCE  HAS  nOm  BEEN  COMPUTED 
THE  LARGEST  'CONTRIBUTOR*  aiLL  BE  SELECTED 


1460 

C 

1470 


C 

1480 


C 

c 

c 

ISOO 


1510 


LINE 

LINE 

1550 

C 

c 

c 

c 

c 


CALL  MAX(I«NC0) 

IF  (I  .EU.  0)  GO  TO  1480 

CONTR  a CONT(I)/aT 

IF  (CONTR  .LT.  Ta)  go  to  1470 

INO(I)  a I 

TYPE  1 20 t I. CONTR 

PRINT  120fI«CONTR 

CALL  OISTUP(I«nCO*NCL) 

CALL  INVUPdfNCOtNCL) 

CONTINUE 
GO  TO  20  ■ 

TYPE  136 
PRINT  13b 
GO  TO  20 

TYPE  134 
PRINT  134 
GO  TO  20 

SIXTH  COMMAND 

type  117 
accept  200. nST 


RETURNS  INDEX  OF  LARGEST  IN  I 
ALL  ALREADY  SELECTED 

BElOb  THHESHOL-TO-SELECT 
select  component 

INFORMATION  OUTPUT 
UPDATE  distances 
UPDATE  INVERSES 
NEXT  STEP 
NEXT  COMMAND 


BELOM  THRESHOL-TO-SELECT 


ALL  already  selected 


ASK  FOR  • OF  STEPS 


IF  (NST  .lE.  0 .OR.  NST  .GT. 

DO  1560  MMai,NST 
DO  1510  lal.NCOMP 
CONT(I)  a 0. 

aT  a 0. 

DO  1550  Kal.NCL 
DO  1550  Lal.NCL 
IF  (K  .EG.  L)  GO  TO  1550 
CALL  UPOATECNCOtNCL.K.L.BT) 

100212  POSSIBLE  DO  INDEX  MODIFICATION  INSIDE  LOOP 
100212  POSSIBLE  DO  INDEX  MODIFICATION  INSIOE  LOOP 
CONTINUE 

THE  CONTRIBUTION  OF  EACH  SELECTED  COMPONENT  TO 

the  average  interclass  distance  has  non  been  computed 
The  smallest  'CONTRIBUTOR'  HILL  BE  REJECTED 


NCO)  GO  TO  1500 

LOOP  THROUGH  ALL  STEPS 

RESET  CONTRIB. 


UPDATE  COMP.  CONTRIB. 


CALL  MIN (I. NCO) 

IF  (I  .EU.  0)  GO  TO 


1580 


THE  INDEX  OF  smallest  IN  I 
all  already  rejected 


I 
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00221 

CONTR  » COnT<I)/<T 

00222 

IF  (CONTR  .GT.  TR)  GO  TO  1570 

ABOVE  THRESHOLO-TO-REJECT 

00223 

IN0(1>  s 0 

REJECT  COMPONENT 

00224 

TYPE  121fl. CONTR 

0022S 

PRINT  l21*ItC0NTR 

information  output 

00226 

CALL  OISTON(I«nCO*NCL) 

UPDATE  distances 

00227 

CALL  INVONdtNCOtNCL) 

UPDATE  INVERSES 

00228 

1560 

CONTINUE 

NEXT  STEP 

00229 

GO  TO  20 

NEXT  COMMAND 

00230 

C 

00231 

1570 

TYPE  137 

ABOVE  THRESHOLO-TO-REJECT 

00232 

print  137 

00233 

GO  TO  20 

00234 

C 

00235 

iseo 

TYPE  135 

00236 

PRINT  135 

ALL  COMP,  already  rejected 

00237 

GO  TO  20 

00238 

c 

00239 

c 

seventh  cohhano 

00240 

c 

00241 

1600 

TYPE  117 

ASK  FOR  4 OF  STEPS 

00242 

accept  200. NST 

00243 

IF  (NST  .LE.  0 .OR.  NST  .GT. 

NCO)  GO  TO  1600 

00244 

1605 

TYPE  112 

ASK  FOR  CLASS  • 

00245 

ACCEPT  200. K 

00246 

IF  (K  .LE.  0 .OR.  K .GT.  NCL) 

GO  TO  1605 

00247 

00  1660  HM«1.N5T 

LOOP  Through  all  steps 

00248 

00  1610  I«l.NCOMP 

00249 

1610 

CONT(I)  » 0. 

RESET  CONTRIB. 

00250 

«T  » 0 . 

00251 

00  1650  L>1.NCL 

LOOP  TO  COMPUTE  OIST. 

00252 

IF  (L  .EQ.  K)  GO  TO  1650 

SKIP  CLASS  ITSELF 

00253 

CALL  UPOATl (NCO.NCL.K.L.VT) 

UPDATE  COMP.  CONTRIB. 

-IFTNOIM 

line: 

00253  POSSI8LE  00  INDEX  MODIFICATION  INSIDE  LOOP 

00254 

1650 

CONTINUE 

NEXT  CLASS 

00255 

C 

00256 

c 

THIS  LOOP  HAS  COMPUTED  THE  CONTkibuTION  OF  EACH 

00257 

c 

UNSELECTEU  component  TO  THE  TOTAL  INTERCLaSS  DISTANCE 

00258 

c 

NOP  THE  LARGEST  'CONTRIBUTOR' 

"111  be  selected 

00259 

c 

00260 

CALL  MAXd.NCO) 

RETURNS  THE  INDEX  IN  I 

00261 

IF  (I  .EQ.  0)  GO  TO  1480 

ALL  COMP,  already  SEL. 

00262 

CONTR  « CONTd)/w7 

AVERAGE  contribution 

00263 

IF  (CONTR  .lT.  Ta»  go  TO  1470 

IS  IT  BELOM  TMRESHOLO  ? 

00264 

INOd)  « I 

NO.  SO  ADO  COMPONENT 

00265 

TYPE  120.1. CONTR 

OUTPUT  DATA 

00266 

PRINT  120. I. CONTR 

00267 

CALL  OISTUPd.NCO.NCL) 

00268 

CALL  INvUPd.NCO.NCL) 

UPDATE  INVERSES 

00269 

1660 

CONTINUE 

NEXT  STEP 

00270 

GO  TO  20 

NEXT  command 

00271 

C 

00272 

c 

eighth  command 

00273 

c 

00274 

1700 

TYPE  117 

ASK  FOR  • OF  STEPS 

00275 

accept  200. nST 
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00276 

IF  (NST  .LE.  0 .OR.  NST  .6T. 

NCO)  60  TO  1700 

00277 

1705 

type  112 

ASK  FOR  CLASS  • 

00278 

ACCEPT  200tK 

00279 

IF  (K  .LE.  0 .OR.  K .6T.  NCD 

60  TO  1705 

00280 

00  1760  HM>1,NST 

LOOP  THROUGH  ALL  STEPS 

00281 

00  1710  lal.NCOMP 

00282 

1710 

CONT(l)  « 0. 

RESET  CONTR IB. 

00283 

NT  « 0. 

00284 

DO  1750  L*1.NCL 

00265 

IF  (L  .EQ.  K)  SO  TO  1750 

SKIP  CLASS  ITSELF 

00286 

CALL  UP0AT2(NC0tNCL.K.L»NT) 

UPDATES  COMP.  CONTR IB. 

SFTNOIM 

line: 

00266  POSSI6LE  00  InOEX  MODIFICATION  INSIOE  LOOP 

00287 

1750 

CONTINUE 

NEXT  CLASS 

00288 

C 

00289 

c 

This  loop  has  computed  the  contribution  of  each  selected 

00290 

c 

COMPONENT  TO  The  TOTAL  INTERCLASS  DISTANCE.  THE  SMALLEST 

00291 

c 

•CONTRIBUTOR*  alLL  NOn  BE  DETERMINED  AND  REJECTED 

00292 

c 

00293 

CALL  MINdfNCO) 

RETURNS  INOEX  IN  I 

00294 

IF  (I  .EO.  0)  60  TO  1580 

ERROR 

00295 

CONTR  » C0NT(I»/NT 

AVERAGE  CONTRIBUTION 

00296 

IF  (CONTR  .6T.  TR)  60  TO  1570 

IS  IT  ABOVE  threshold  ? 

00297 

INO(l>  - 0 

NO.  SO  REJECT  COMP. 

00298 

type  121.I.C0NTR 

DISPLAY  INFORMATION 

00299 

PRINT  121 f I. CONTR 

00300 

CALL  OISTON(ItNCO.NCL) 

UPDATE  DISTANCES 

00301 

call  INVOMtl.NCO.NCL) 

UPDATE  inverses 

00302 

1760 

CONTINUE 

NEXT  STEP 

00303 

60  TO  20 

NEXT  COMMAND 

00304 

c 

00305 

c 

00306 

c 

NINTH  command 

00307 

c 

00308 

1800 

TYPE  117 

ASK  FOR  N OF  STEPS 

00309 

ACCEPT  ZOO.NST 

00310 

IF  (NST  .lE.  0 .OR.  NST  .6T. 

NCO)  60  TO  1600 

00311 

1805 

TYPE  113 

00312 

ACCEPT  203. R.L 

GET  CLASS  NS 

00313 

IF  (K  .6T.  NCL  .OR.  L .6T.  NCL  .OR. 

00314 

I K .LE.  0 .OR.  L .LE.  0)  60 

TO  1805 

00315 

IF  (K  .EQ.  L)  60  TO  2060 

00316 

DO  1360  MMsI.nST 

LOOP  THROUGH  ALL  STEPS 

00317 

DO  1810  lal.NCOMP 

00318 

1810 

CONT(I)  a 0. 

RESET  CONTR. 

00319 

NT  a 0. 

00320 

CALL  UPDATl (NCO.NCL.K.L.NT) 

UPDATE  COMP.  CONTRIB. 

00321 

CALL  MAX(ItNCO) 

00322 

IF  (I  .EO.  0)  60  TO  1480 

00323 

CONTR  a CONT(1)/nT 

00324 

IF  (CONTR  .L£.  Ta)  GO  TO  1470 

BELON  TMHESHOLO-TO-SELECT 

00325 

INO(I)  a I 

select  component 

00326 

TYPE  120.1. CONTR 

00327 

PRINT  120. I. CONTR 

00328 

CALL  OISTUP(I.NCO.NCL) 

00329 

CALL  INYUPd.NCO.NCL) 

UPDATE  INVERSES 

00330 

1860 

CONTINUE 

NEXT  STEP 
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•G331 

so  70  20 

NEXT  COMMANO 

01332 

C 

00333 

C 

TENTH  COMMAND 

< 

00334 

c 

- 

0033S 

1900 

T7PE  117 

ASK  POR  number  op  steps 

■ f.  tl . 

00336 

ACCER7  200tNS7 

- A-. 

00337 

IP  (N3T  .LE.  0 .OR.  NST  .6T.  NCUl  GO  TO  1900 

00330 

1909 

TYPE  113 

* ‘ “y  X 

00336 

ACCER7  203*A.L 

SET  CLASS  PS 

u - -.  ^ 

00340 

• 

IP  (K  .GT.  NCU  .OR.  L .OT.  NCL 

.OR. 

00341 

2 K .LE.  0 .OM.  L .LE.  01  GO  TO 

1905 

a 

00342 

IP  (K  .EO.  LI  GO  TC  2060 

1 

00343 

00  1960  MMal.NST 

LOOP  THROUGH  ALL  STEPS 

00344 

00  1610  lal.NCUMP 

, 

0034S 

1610 

CONTI  I)  • 0. 

RESET  CONTR. 

00346 

mT  ■ 0. 

00347 

CALL  UP0AT2INC0.NCL.K.LtPT) 

UPDATE  COMP.  CONTRIB. 

00340 

CALL  MlNIl.NCOI 

00346 

IP  (I  .EG.  01  GO  TC  1500 

ALL  REJECTED 

*»  **  ■ 

003S0 

CONTR  ■ CONTI  I) /pT 

00391 

IP  ICONTR  .GT.  TRI  GO  TO  1570 

ABOVE  THRESHOLO-TO'REjECT 

\ ; • 

■i  • --s  1 

00392 

INOll)  > 0 

REJECT  COMPONENT 

00393 

TYPE  121. I. CONTR 

>'-  1- 

00394 

PRINT  121.1. CONTR 

00399 

CALL  OISTONII.NCO.NCL) 

- 

00396 

CALL  INVONII.NCO.NCLI 

00397 

1660 

CONTINUE 

NEXT  STEP 

00390 

GO  TO  211 

NEXT  COMMANO 

003M 

C 

00360 

c 

eleventh  command 

'• ..  V ' - ■ *"  5 

00361 

c 

00362 

2000 

type  113 

- - 

00363 

ACCEP7  203. K.L 

GET  CLASS  «S 

. 

00364 

IP  IK  .GT.  NCL  .OR.  L .GT.  NCL 

.OR. 

/ 

00369 

1 K .LE.  0 .OR.  L .LE.  0)  GO  TO 

2000 

.00366 

IP  IK  .EG.  L)  GO  TO  2060 

00367 

NOROl  ■ INCL-1)*IK-1)*L-1 

i 

00360 

NOR02  • INCL-1)«IL-1)*K-1 

INDEX  PS  IN  OIST 

00369 

IP  IK  .GT.  LI  nOR01>NORO1*1 

; 

00370 

IP  IK  .LT.  L)  N0R02>NOR02*l 

■ ^ . 

00371 

HMS  a 0. 

• • “ 

00372 

IP  lOISTiNOROl)  .£0.  0.  .ANO.  01STIN0R02)  .EO.  0.)  GO  TO  2010 

00373 

HMS  a a.*0ISTIN0R01)*0ISTIN0R02)/ 

00374 

1 1 ISGRT IOIST INOROI) >*saRTI0ISTINOR02) I 

• • 

00379 

c 

00376 

c 

NOROl  4 2 ARE  THE  DISPLACEMENTS 

IN  THE  ARRAY  C lOIST.) 

00377 

c 

HMS  stands  por  harmonic  mean  SUUARE 

■' 

00370 

c 

00379 

2010 

TYPE  122. K.L.K.OIST INOROI) .L.01STINOR02) .HMS 

00300 

GO  TO  20 

NEXT  COMMANO 

00301 

c 

1 

00302 

2060 

TYPE  123 

ERROR  message  I 

00303 

GO  TO  20 

1 

00304 

C 

1 

00305 

c 

TWELF7H  command 

I 

00306 

c 

i 
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00387 

00388 

00389 

00390 

00391 

00392 

00393 

00394 

00395 

00396 

00397 

00398 

00399 

00400 

00401 

00402 

00403 

00404 

00405 

00406 

00407 

00408 

00409 

00410 

00411 

00412 

00413 

00414 

00415 

00416 

00417 

00418 

00419 

00420 

00421 

00422 

00423 

00424 

00425 

00426 

00427 

00428 

00429 

00430 

00431 

00432 

00433 

00434 

00435 

00436 

00437 

00438 

00439 

00440 

00441 

00442 


2100 


c 

c 

c 

2200 


c 

c 

c 

2300 


c 

c 

c 

2400 


c 

c 

c 

c 


c 

■2405 

c 

2410 


C 

C 

C 


TYPE  124 

CALL  PACK(NCO»J> 

TYPE  125t(C0NT(I>tI«l,J)  TYPE  SELECTED  COMP.  *S 

TYPE  130 

GO  TO  20  NEXT. COMMAND 

THIRTEENTH  CUMHANO 

CALL  RARAM(NCOtNCLtNOIS«NSd.VMlN,AVER«SO.ItJ) 

TYPE  126*NSaf AVERtSOtVMIN.ItJtTAtTR  SHORT  STATUS 

GO  TO  20  NEXT  COMMAND 

FOURTEENTH  COMMAND 

CALL  PARAM(NCOtNCL>NDIS.NSa»VMlN«AVERtSDtIt J) 

PRINT  126>NSdtAVER«SDfVMIN.I«J<TA«TR  SHORT  STATUS 

PRINT  127 

CALL  PACK(NCOtJ) 

PRINT  125t (CONT(I) tisl.j)  LIST  OF  SEL.  COMP. 

PRINT  130 

60  TO  20  NEXT  COMMAND 

FIFTEENTH  COMMAND 

CALL  PARAM(NCO«NCLiNDIS.NSStVMIN,AYER«SD«I«J) 

PRINT  126»NSaf AVERtSO.VMlN.ItJtTAtTR  SHORT  STATUS 

PRINT  127 

CALL  PACK(NCO»J) 

PRINT  125t(C0NT(I).Ial.J)  list  OF  SEL.  COMP. 

PRINT  130 
PRINT  128 
K « 0 

THE  PROGRAM  MILL  NOm  PRINT  ALL  INTERCLASS  OISTANCESt 
ORDERED  BY  CLASS 

DO  2410  I>1.NCL 
DO  2410  J>1.NCL 

IF  (I  .EQ.  J)  SO  TO  2410  NOT  A POSSIBLE  DISTANCE 

NOROl  » (NCL-1)*(I-1) ♦J-l 
IF  (I  .6T.  J)  n0R01*N0R01*1 

IF  (K  .NE.  0)  SO  TO  2435  1ST  OR  2NO  PRINT  COLUMN 

K « 1 

PRINT  131  1ST  COLUMN 

PRINT  129tItJfOIST(NOR01>  taEIGHT (nOROI) 

60  TO  2410 

K a 0 2N0  column 

PRINT  129«ItU«0IST(N0R01) >m£16HT(n0R01> 

CONTINUE 
PRINT  130 

GO  TO  20  NEXT  COMMAND 


'i 
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00443 

2500 

TYPE  114 

ASK  FOR  THRESHOLO>TO-AOO 

00444 

accept  204.TA 

0044S 

60  TO  20 

00446 

C 

00447 

c 

seventeenth  COnhanO 

00440 

c 

00449 

2600 

TYPE  119 

ASK  FOR  THRESHOLD-TO-REJECT 

004SO 

ACCEPT  204.tr 

004SI 

60  TO  20 

004S2 

c 

004S3 

c 

EI6HTEENTH  command 

00494 

c 

00455 

2700 

TYPE  116 

ASK  FOR  CLASS  FStPEIGHT 

00496 

ACCEPT  205.I.J.H6HT 

00497 

IF  (I  .LE.  0 .OR.  1 .GT.  NCL  . 

OH. 

00490 

1 J .LE.  0 .OR.  J .6T.  NCL)  SO 

TO  2700 

00459 

IF  (I  .£0.  J)  60  TO  2060 

00460 

NOROl  ■ (NCL-l)*(I-l) »J-1 

00461 

IF  (I  .6T.  J)  NOROlaNOROl*! 

00462 

■EIGHT (NOROl)  « PSHT 

00463 

60  TO  20 

00464 

c 

00465 

c 

nineteenth  command 

00466 

c 

00467 

2000 

type  113 

ASK  FOR  CLASS  tS 

00460 

ACCEPT  203. I. J 

00469 

IF  (I  .LE.  0 .UR.  I .6T.  NCL  . 

OR. 

00470 

1 J .LE.  0 .OR.  J .6T.  NCL)  60 

TO  2800 

00471 

IF  (I  .EQ.  J)  60  TO  2060 

00472 

NOROl  ■ (NCL-l)*(I-l)*J-l 

00473 

IF  (I  .6T.  Ji  N0R01>N0R01*l 

00474 

TYPE  138. pEIGHT (NOROl) 

TYPE  HEIGHT  FOR  THESE  CLASSES 

00475 

60  TO  20 

0047b 

C 

00477 

C 

twentieth  command 

00470 

C 

00479 

2900 

call  PARAM(NCO.NCL.NOIS.NSd.VMlN.AVERtSO.I.J) 

00400 

TYPE  140.VMIN.1.J 

MINIMUM  distance 

00401 

60  TO  20 

00402 

c 

00403 

c 

tpenty-first  command 

00404 

c 

00405 

3000 

00  3010  I«1.nCL 

LOOP  TO  WRITE  INVERSE  MATRICES 

00406 

OPEN  (MOOEa* 0 INARY' .UNITaEO. DEV iCEa*0SK'.FlLE>02(I) ) 

00407 

00  3003  jal.NCO 

00400 

IF  (INO(J)  .EQ.  0)  60  TO  3003 

Only  sel.  comp,  are  written 

00409 

■RITE  (20.206) •M(j. I) 

■RITE  MEAN  VECTOR 

00490 

3003 

CONTINUE 

00491 

00  3006  jal.NCO 

00492 

IF  (INO(U)  .EQ.  0)  60  TO  3006 

00493 

00  3006  Kal.NCO 

00494 

IF  (IN0(i<>  .EQ.  0)  60  TO  3006 

Only  sel.  comp,  are  ■ritten 

00495 

■RITE  (20.206) .C2(J.K. I) 

■RITE  INVERSE  MATRIX 

00496 

3006 

CONTINUE 

00497 

c 

00490 

c 

The  I'Th  CLASS'  MEAN  VECTOR  ANJ  inverse  COV.  matrix 
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00499 

C 

00500 

00501 

c 

00502 

3010 

00503 

c 

00504 

C 

00505 

00506 

c 

00507 

c 

00508 

c 

00509 

c 

00510 

c 

00511 

110 

00SI2 

111 

00513 

112 

00514 

113 

00515 

114 

00516 

115 

00517 

00518 

116- 

00519 

117 

00520 

C 

00521 

00522 

120 

00523 

00524 

121 

00525 

00526 

00527 

00528 

122 

00529 

123 

00530 

124 

00531 

125 

00532 

00533 

00534 

00535 

00536 

00537 
00530 
00539 

126 

00540 

127 

00541 

00542 

128 

00543 

129 

00544 

130 

00545 

131 

00546 

132 

00547 

133 

00548 

00549 

134 

00550 

00551 

135 

00552 

136 

00553 

137 

00554 

138 

HAi)E  NOM  BEEN  aRITTEN  TO  DISK 

CLOSE  (UNIT>20t0EVICE«<0SK>.FILEs02(I> ) 

CONTINUE  NEXT  CLASS 

ALL  INVERSE  COv.  matrices  HAVE  dEEn  SAVED  ON  DISK 

STOP  END  OF  PROGRAM 


format  block 


FORMAT 

format 

format 

format 

format 

FORMAT 

format 

1 BY  A 

format 


(TlOt'TYPE  IN 
(T10t*TYPE  IN 
(T10f»TYPE  IN 
(TIO.'TYPE  IN 
(TlOt'TYPE  IN 
(T10,*TYP£  in 
(TIO.'TYPE  IN 
COMMA  : 'tS) 
(T10,»TYPE  IN 


THE  • OF  THE  COMP.  TO  BE  ADDED  : ••S) 

THE  • OF  THE  COMP.  TO  BE  DELETED  : •♦S) 
CLASS  • : 'tS) 

both  class  numbers*  SEP.  BY  A COMMA  : t.S) 
THRESmOLD-TO-SELECT  ; '.S) 
THRESMOLO-TO-REJECT  : *.$) 

BOTH  CLASS  PS  L aEIGHT.  SEP. 

a OF  STEPS  t '.SI 


FORMAT  (TIO.'THE  SELECTED  COMP.  IS  ••tI3*'t  BITM  A 
1 CONTR.  OF  ••£11.4,/) 

FORMAT  (TIO.'THE  REJECTED  COMP.  IS  a',I3,',  WHICH  HAD  A 
1 CONTR,  OF  '.ElUA,/) 

FORMAT  (Tia.'TME  DISTANCES  BETaEEN  CLASS*,I3»*  AND  CLASS' 
l,I3»'  ARE  : ••/.TIO,'— REL.  TO  CLASS',13,'  : 'tElKA,/, 
2T10,'— REL.  TO  CLASS',13,'  : ', Ell. 4./, TIO, 

3'»HARM0NIC  mean  SQUARE  : '.ElKA,/) 
format  (TIO, 'CLASS  »S  MUST  BE  DIFFERENT  ',/) 

FORMAT  (TIO, 'The  FOLLOWING  COMPONENTS  ARE  SELECTED  :•) 
format  (/,10 (3X,F4.0)  ) 

format  (TIO, 'The  PRESENT  STATUa  IS  :',/,T10, 

1'— NUMBER  OF  aELECTEO  COMPONENTS  :',I4,/,T10, 

2'— AVERAGE  INTERCLASS  DISTANCE  : • ,£11.4,/, TIO, 

3'  WITH  A standard  DEV.  OF  : • ,£1 1 .4, / , T1 0, 

4'— THE  MINIMUM  HMS  DISTANCE  IS  : • ,E1 1 .*,/ , T1 0 , 

S'  BETWEEN  CLASSES', 13,'  AND' , 13,/, TIO, 

6'— THE  THREShOLO-TO-AOD  IS  : ', Ell. 4,/, TIO* 

7'  THE  THRESHOLD-TO-REJECT  IS  : ',£11.4,/) 

format  (TIO, 'The  selected  components  are  :•) 

FORMAT  (/.TIO.'THE  INTERCLASS  DISTANCES  AKE  :',//,Tlo, 

12  ('FROM*,  to:  distance:  wEIGHT:  •)) 

format  (4X,I3,3X,I3,2x,E11.4,2a,F6.3,3X,S) 
format  (//) 

FORMAT  (/.TT.S) 

format  (/.TIO, 'THIS  COMPONENT  IS  ALREADY  SELECTED  ',/) 
format  (/, TIO, 'This  component  la  already  rejected  ',/) 
FORMAT  (/.TIO, 'ERROR  : ALL  COMPONENTS  ALREADY  SELECTED 
1 ',/) 

FORMAT  (/.TIO. 'ERROR  : ALL  COMPONENTS  ALREADY  REJECTED 
1 ',/) 

FORMAT  (/,T10, 'CONTRIB.  BELOW  rnRESHOLD-TO-AOO  ',/) 
format  (/.TIO, 'CONTRIB.  ABOVE  ThrEShOLO-TO-RE JECT  ',/) 
format  (/.TIO.'TmE  aEIGHT  IS  : '.FB.S,/) 


1 


1 


SELEC2 


SELECZ.FOR 


fortran  V.5<S15)  /KI 


2-AU6-77 


U:a3  rage  1-10 


00555  139 

00556  140 

00557 

00558  C 

00559  203 

00560  204 

00561  205 

00562  206 

00563  C 

00564  C 

00565  C 

00566 


COMMON  BLOCKS 
/.COMM./ (*105444) 


Cl 

*0  C2  *42020  INO 

*10«04U  M 

*104101  OIST 

*105121 

cont 

*105211  mEIGHT  *105252  Z 

*105342 

SUBPROGRAMS  CALLED 

MIN 

SORT. 

OISTUP 

■ MAX 

OISTON 

INVON 

INVUP 

UPOATl 

UP0AT2 

PACK 

PARAM 

SCALARS 

ANO  ARRAYS  NO 

EXPLICIT  definition 

- "%«  NOT  REFERENCED 

.S0020 

1 

•NCO 

2 

•NOROl 

3 

•SO 

4 

.S0037 

5 

.S0036 

6 

.S003S 

7 

.S0034 

10 

.S0033 

11 

.50032 

12 

•K 

13 

.S0031 

14 

.50030 

15 

•NCL 

16 

•TR 

17 

•Ta 

20 

.SO 044 

21 

.S0043 

22 

.S0042 

23 

.S0041 

24 

02 

25 

.S0040 

45 

••GMT 

46 

•MMS 

47 

•NO  IS 

SO 

•NCM 

51 

•MM 

52 

•J 

53 

.S0007 

54 

.S0006 

55 

.S0005 

56 

0 

57 

•Nse 

77 

.S0004 

luo 

•nST 

101 

.S0003 

102 

.S0002 

103 

.SOOOl 

104 

.50000 

105 

•aver 

106 

.S0017 

107 

.S0016 

no 

.S0015 

111 

.50014 

112 

.S0013 

113 

.S0012 

114 

.soon 

115 

.SOOlO 

116 

•L 

117 

•NOR02 

120 

••T 

121 

•I 

122 

•VMIN 

123 

.50027 

124 

.S0026 

125 

.S002S 

126 

.S0024 

127 

.S0023 

130 

.S0022 

131 

.S0021 

132 

•CONTR 

133 

TEMPORARIES 

.aoooo 

1061 

.00001 

1062 

FORMAT  (/.72(»»*) ./) 

format  (TIO.'ThE  MINIMUM  hmS  DISTANCE  IS  : '.£11.4./. 
ITlOt'BETNEEN  CLASSES'. 13.*  ANU'tI3«/) 

format  (21) 
format  (F10.3) 

FORMAT  (21.F6.3) 
format  (E14.7) 

END  OF  format  block 
AND  ENO  OF  PROGRAM 
ENO 


VFTNFRN 


SELEC2 


NO  Fatal  errors  ano  6 marmings 


MAIN 


SELEC2.F0R 


fortran  V.5<SlS)  /KI 


2-AUG-77 


11^5 


U:43  page  1 


00001  c 

00002  C 

00003  C 
OOOOA 

00005 

00006 
00007 
00006 

00009 

00010 
00011 
00012 
00013 
OOOIA 

00015 

00016 

00017 

00018 

00019  10 

00020 
00021 


COMMON  BLOCKS 
/.COMM./(*10SA44> 

Cl  *0  C2  *42020  INC  *104040  M *104101  OIST  *105121 

CONT  *105211  MEIGHT  *10S2S2  Z *105342 


SUBPROGRAMS  CALLED 


SCALARS  ANO  ARRAYS  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 

i ‘NCO  1 ‘VNAX  2 *J  3 . .50000  4 •!  5 

* 

j TEMPORARIES 

] 

I MAX  NO  ERRORS  DETECTED 


SUBROUTINE  MAXd.NCO) 

parameter  NCLASS>8tNC0MP>33tN0I5Ts56 

COMMON  Cl ( 1 : NCOMP 1 1 : NCOMP . 1 : nclaSS ) • C2 ( 1 : ncOmP . 1 : nCOmP • 1 : NCLASS ) 
common  IND(1:NC0MP) .M(1:nCUhP«1:nCLASS) iOIST ( 1 :N0IST) 
common  CONTd  :NC0MP)  .WEI6HTd:NDIST>  tZd:NCOMP) 

REAL  CONT. OIST, WEIGHT 
INTEGER  INO 

double  precision  C1.C2.M.Z 
I » 0 

VMAX  « -1.E26 
DO  10  J«1.NC0 

IF  dNO(J)  .NE.  0)  GO  TO  10  ONLY  UNSEL.  COMP. 

IF  (VMAX  .GE.  CONT(jl)  GO  TO  lu  TEST  FOR  MAX. 

I » J 

VMAX  > CONT(J)  FOUND  A LARGER 

CONTINUE 

RETURN 

End 


1U6 


I 

r 

MAIN,  SELECZ.FOM  FORTRAN  V.S(515)  /Kl  2-4UG-77  Uj*3  FAQE  1 ' 


OOOOl  c 

oogo2  c 

00003  C 
0000* 
oooos 
00006 

00007 

00008 

00009 

00010 
00011 
00012 
00013 
0001* 

00015 

00016 

00017 

00018 

00019  10 

00020 
00021 


subroutine  HIN(I.nCO) 

parameter  Net ASSsB •NC0MPa33 1 NO  1 STa56 

COMMON  C 1 ( 1 : NCOMP 1 1 : NCOMP  • 1 : NCt ASS  > • C2  ( 1 : NCOmP  1 1 : ncomP  • 1 : NCtASS i 
COMMON  INO(l  SNCOMP)  tMdSNCOMPtl  SNCLASS)  tOlST  ( 1 i NOIST) 
common  C0NT(1:nC0mP) •riEI6HT(l:NOlST) fZ(l:NCOMP) 

REAL  CONTtOISTfMEIGHT 
INTEGER  INO 

DOUBLE  PRECISION  Cl»C2tM.Z 
I » 0 

VMIN  s l.E*26 
DO  10  JslfNCO 

IF  (INO(J)  .£Q.  0)  60  TO  10  ONLY  SEu.  COMP. 

IF  (VMIN  .L£.  COnT(J))  SO  TO  10  TEST  FOR  MlN. 

I * d 

VMIn  * CONTCJ)  FOUND  A LARGER 

CONTINUE 

return 

ENO 


COMMON  BLOCKS 
/.C0MM./(*105***) 

Cl  *0  C2  **2020  iNO  *10*0*0  M *10*101  OIST  *105121 

CONT  *105211  MEISHT  *105252  Z *1053*2 

SUBPROGRAMS  called 

SCALARS  ANO  ARRAYS  '•••'  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 
•NCO  1 •J  2 .SOOOO  3 *1  * ‘VNIN  5 

TEMPORARIES 

MIN  NO  ERRORS  OETECTEO 


1U7 


MAIN. 

SELEC2. 

FOR  FORTRAN  V.5(515)  /Kl  2-AUG-77  14»43  RASE  1 

OOOOl 

C 

00002 

c 

00003 

c 

00004 

subroutine  PARAM(NCa.NCL»NOIS*NSa»VMIN*AVER«SOfLtMM> 

oooos 

parameter  NCLASSa8<NC0MP>33*N0ISTB56 

00006 

COMMON  C 1 ( 1 : NCOMP . 1 : ncOMP . 1 s nCLASS ) . C2 ( 1 s NCOMP 1 1 1 nCOmP  1 1 : NCLASS I 

00007 

common  lNO(l:NCOMP)«M(l:NCOMP«i:NCLASS)tOIST(liNOIST) 

00006 

common  con T ( 1 : NCOMP ).MEI6HT(l:NUlST)tZ{i: NCOMP ) 

00009 

REAL  CONTtOIST.aEIGhT 

00010 

INTEGER  INO 

00011 

double  precision  CltCZtM.Z 

00012 

c 

00013 

c 

THIS  routine  will  count  the  number  of  SEL.  COMPON. 

00014 

c 

ANO  COMPUTE  THe.  AVERAGE  INTERCLaSS  DISTANCE*  ITS 

OOOIS 

c 

STANOARO  DEVIATION  ANO  ITS  MINIMUM  PART. 

00016 

c 

00017 

NSB  a 0 

00018 

00  10  Kal.NCO 

00019 

IF  (INO(K)  .nE.  0)  NSBaNSB*! 

00020 

10 

CONTINUE 

00021 

AVER  a 0. 

00022 

Lai 

00023 

MM  a 2 

00024 

VMIN  a 1.E26 

00025 

00  20  Kal.NOIS 

00026 

AVER  a AVER*OIST(K)/(NCL*(nCL-1) > 

00027 

I a (K-1)/(NCL-1)*1 

00028 

J a K-{NCL-1)*(1-1) 

00029 

IF  (J  .GE.  I)  jaj*l 

00030 

NOR02  a (NCL-n*(J-l)  *1-1 

00031 

IF  (J  .GT.  I)  N0R02aN0R02*l 

00032 

HMS  a 0. 

00033 

IF  (OIST(K)  .EO.  0.  .ANO.  0IST(N0R02)  .EQ.  0.)  GO  TO  IS 

00034 

HMS  a 4.*0IST(K)*0IST(N0R02)/ 

00035 

1 ( (SORT  (0 1ST  (K)  1 •SCRT(0IST(N0RU<£)  ) )*«2) 

00036 

15 

IF  (VMIN  .LE.  HMS)  GO  TO  2U 

00037 

VMIN  a HMS 

00038 

L a I 

00039 

MM  a J 

00040 

20 

CONTINUE 

00041 

SO  a 0 . 

00042 

00  30  lal.NOIS 

00043 

30 

SO  a SO*( (OIST(I)-AvER» ••2)/(NCL*(NCL-l) ) 

0004a 

SO  a SORT (SO) 

00045 

RETURN 

00046 

END 

COMMON 

BLOCKS 

/.COMM 

./(•105444) 

Cl 

• 0 

C2  *42020  INO  *104040  M *104101  OIST  *105121 

CONT 

«10S211 

WEIGHT  *10S2S<!  Z *105342 

! 

• 

PkRAM  SELEC2.F0R 


FORTRAN  V.5(51S)  /KI 


2-AUG-77 


USA3  PAGE  1-1 


SUBPROGRAMS  called 
SORT. 


SCALARS 

AND 

ARRAYS  NO 

EXPLICIT  definition 

NOT 

REFERENCED 

•NCO 

1 

•SO 

2 

*K 

3 

•NCL 

A 

•MMS 

S 

•NDIS 

6 

•J 

7 

•MM 

10 

•NSd 

11 

.S0002 

12 

.SOOOl 

13 

.SOOOO 

lA 

•AVER 

15 

•L 

1(1 

•N0R02 

17 

•I 

20 

•VMIN 

21 

TEMPORARIES 

.A0016 

22 

.00000 

23 

.00001 

2A 

PARAM  NO  errors  detected 


I 

I 


MAIN 


SELEC2.F0R 


FORTHAN  V.S(S15)  /KI 


2-AUS-77 


14:a3  rage  1 


00001  C 

00002  C 

00003  C 
OOOOA 

oooos 

00006 

00007 

OOOOG 

00009 

00010 
00011 

00012  C 

00013  C 
OOOIA  C 

00015  C 

00016  C 

00017 

00018 

00019 

00020 

00021  C 

00022  C ' 

00023  C 
0002a  C 

00025  C 

00026 

00027  C 

00028  C 

00029 

00030 

00031 

00032 

00033 

0003A  AO 

00035 

00036 

00037  C 

00038  C 

00039  C 
OOOAO  100 
OOOAl 
000A2 


SUBROUTINE  UP0AT2(NC0.NCL»KtLf aT) 
parameter  NCLASS>8tNC0MP«3J«N016T>S6 

COMMON  Cl ( 1 : NCOMP 1 1 : NCOmP  f 1 : NCU ass ) t C2 ( 1 : nCOmP • 1 1 NCOmP 1 1 : NCLASS ) 
common  IN0(1:nC0mP) tM(i:MCOMPf i:nCLASS) tOIST < 1 :nOIST) 
common  CONT ( 1 : NCOMP ) • WE 1 OMT ( 1 : NO I ST ) f Z ( 1 : NCOMP ) 
real  CONTtOISTtwElGHT 
INTEGER  INO 

DOUBLE  PRECISION  Cl fC2>MtZ>TEMP 

THIS  ROUTINE  WILL  COMPUTE  THE  CONTRIBUTION  OF  SELECTED 
COMPONENTS*  ONE  STEP  AT  A TIME  (ADDING  ONE  CONTRIBUTION 
EVERT  TIME  IT'S  CALLED) 

NORO  » (NCL-l>*(K-l) •L-l 
IF  (K  .6T.  L)  NOROsNORO*! 

WT  ■ WT  * WEIOHT(NORO) 

DO  100  NaltNCO  GENERAL  LOOP  FOR  COMP. 


THIS  LOOP  will  compute  THE  INDIVIDUAL  CONTRIBUTION  OF 
EACH  SEL.  COMPONENT 

IF  (IN0(N1  .EO.  0>  GO  TO  100 

FROM  THE  scalar  product  M(K)-M(L)  • C2(N.K) 

TEMP  « 0. 

DO  aO  I-ltNCO 

IF  (INO(I)  .EO.  0)  GO  TO  AO 

IF  (I  .EO.  N)  GO  TO  AO  SMIP  ThlS  INDEX 

TEMP  a TEMP*(M(I.K>-M(I.l) )*C2(1.N.K> 

CONTINUE 

TEMP  a (TEMP.C2(N.N.K)«(M(N.K)-M(N.L> ) )««2 
CONT(N)  a C0NT<N)*TEMP*wE16hT(NUR0)/C2(N*N.K) 

THE  CONTRIBUTION  OF  THE  N-Tm  COMPONENT  IS  NOW  COMPUTED 

CONTINUE 

return 

END 


COMMON  BLOCKS 
/*C0MM./(*105aaa> 

Cl  *0  C2  'AZOZO  INO  aIOaBAO  M *10A101  OIST  *105121 

CONT  *105211  WEIGHT  *105252  Z *10S3a2 


subprograms  called 


UP0AT2  SEI.EC2.rOR  FORTRAN  V.5(51S)  /KI  2-AU0-77  IAJA3  PAGE  1-1 

SCALARS  ANC  ARRAYS  NO  EXPLICIT  DEFINITION  - •'»"  NOT  REFERENCED 

•NCO  1 2 ‘K  3 'NCL  A •NORD  5 

.SOOOl  6 .SOOOO  7 TEMP  10  •L  12  *1  13 

••T  14 

TEMPORARIES 

UPDATE  NG  ERRORS  DETECTED 


151 


MAIN. 


00001 

00002 

00003 

OOOOA 

oooos 

00006 

00007 

00008 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 

00050 

00051 

00052 

00053 
: 00054 
' 00055 

00056 


SELEC2.F0R  FORTRAN  V.5(515)  /K1  2-AU6-77  l4:43  RASE  1 


C 

C 

C 

SUBROUTINE  UPOaTI (NCO»NCI.fKfLt«T) 

P/^RaHETER  NCLASS>8tNC0MP«33<N01STB56 

common  C 1 ( 1 : NCOMP 1 1 : NCOMP • 1 : NCLASS  > « C2 ( 1 : NCOmP  1 1 : NCOHP 1 1 : NCLASS ) 
common  INO(1:nCOmP) ,M ( 1 :nCOmP t 1 snCLASS) lOlST (1 :n01ST) 
common  CONT(1:nCOMP) «mEI6HT(1:nOIST) fZ(l:NCOMP) 

REAL  CUNTtOlSTtMEIQHT 
INTEGER  INO 

double  precision  Cl*C2tM«Z>8£TA«TEMP 
C 

c This  routine  mill  compute  the  contribution  of  unselecteo 

C COMPONENTS.  ONE  STEP  AT  A TIME  (ADDING  ONE  CONTRIBUTION 

C EVERY  time  IT«S  CALLED) 

C 

NORO  « (NCL-l)*(K-l)»L-l 
IF  (K  .GT.  L)  n0R0>n0R0*1 
NT  a UT  * WEIGHT (NORD) 

DO  100  Nai.NCO  GENERAL  LOOP  FOR  COMP. 

C 

C this  LOOP  COMPUTES  THE  INDIVIDUAL  CONTR.  OF  EACH  UNSEL. 

C COMP. 

C 

IF  (INO(N)  .nE.  0)  GO  TO  lUO 
C 

C COMPUTE  THE  VECTOR  PRODUCT  C2 (N) ‘Cl (M.K) 

C 

DO  20  lal.NCO 
Z(I)  a 0. 

IF  (INOd)  .EO.  0)  60  TO  20 
DO  20  Jal.NCO 

IF  (INO(J)  .EO.  0)  GO  TO  20 
Z(I)  a Z(I)*C2(I.U.K)*C1(J.N.K) 

20  CONTINUE 

C 

C FORM  THE  scalar  PRODUCT 

C 

TEMP  a 0. 

DO  30  lal.NCO 

IF  (INO(I)  .EO.  0)  GO  TO  30 
TEMP  a TEMP  . Z(I)»C1(N.I.K) 

30  CONTINUE 

beta  a Cl (N.n.K)-TEMP 
C 

C TEST  FOR  positive-definiteness 

c 

if  (BETA  .GT.  0.)  GO  TO  150  ERROR  NOT  POS.  OEF. 

TYPE  200 

200  format  (TIO. 'warning  : NO  MORE  ROS.-OEF.  './) 

C 

c compute  now  the  contribution 

C 

c FORM  the  SCALAK  product  M(K)-M(L1  • Z 

C 

150  TEMP  a 0. 


SCALAHS  Afto  AftRAYS  »•"  NO  EJJHLICIT  DEFINITION  - NOT  REFERENCED 


•NCO 

1 

•N 

2 

BETA 

3 

•K 

5 

•NCL 

6 

•NORO 

7 

•J 

10 

.S0004 

U 

.S0003 

12 

.S0002  13 

.sobol 

•NT 

lA 

22 

.soooo 

IS 

TEMP 

16 

•L 

20 

*1 

21 

TEMPORARIES 


.A0016  33 

UPOATl  NO  ERRORS  DETECTED 


SCLECa.FOR 


FORTRAN  V.S(Sl5).  /KI 


2-AUG-77 


PAGE  I 


noool 

noooz 

]00003 

jooooA 

loooos 

noooG 

U0007 

00008 

-00009 

00010 

00011 

00012 

00013 

'OOOIA- 

:ooois 

00016 

!o0017 

jooois 

00019 


. 00020 
' = ' <^(00021 
, 00022 
" -■  00023 


SUBROUTINE  PACK(NCO>J> 

parameter  NCLASSa8tNC0MPa33tN0XST«S6 

common  C 1 ( 1 : NCOMP , 1 : ncOMP  1 1 : NCLASS ) t C2 ( 1 : NCONP  f 1 : NCOMP 1 1 : NCLASS ) 
COMMON  INOdSNCOMP)  >M  ( 1 SNCOMPt  1 :nCLASS)  f OIST  ( 1 :N0IST| 

COMMON  CONTdlNCOMP)  tMEIGHT  (1  tNOXST)  •Zd:NCOMPt 
REAL  CONTtOXSTfUEXGHT 

integer  INO 

DOUBLE  PRECISION  Cl«C2>MtZ 

THIS  ROUTINE  WILL  •COMPACTIFY*  THE  ARRAY  CONT.  I.E. 

MILL  JUSTIFY  IT  TO  THE  BEGINNING 

DO  S Islf NCOMP 
CONT(I)  > 0. 

J > 0 

00  10  I*ltNCa 

IF  (INO(I)  .EO.  01  GO  TO  10  SKIP  UNSEL<  COMP. 

J a J*1 
CONTCJi  a I 
CONTINUE 
RETURN 
ENO 


BLOCKS 

/(*10SAA4I 
«0  C2 

•10S211  WEIGHT 


*42020  INO 
*10S2S2  Z 


*104040  H 
*105342 


*104101  OIST  *105121 


iUBPROGRAMS  CALLED 


SCALARS  ANO  ARRAYS  NO  EXPLICIT  DEFINITION  - »%»  NOT  REFERENCED 


.SOOOl  3 


.SOOOO  4 


JTEMPORARIES 


NO  ERRORS  DETECTED 


1 


i 


OISTUP  SELEC2.F0R  FORTRAN  V.SlSlS)  /KI  2-AU6-77 


I5U 


14:43  page  1 


00001 

00002 

00003 

00004 

00005 

00006 

00007 

00008 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 


00044 

00045 

00046 

00047 

00048 

00049 

00050 

00051 

00052 

00053 

00054 

00055 

00056 


c 


c 

c 

c 


20 

c 

c 

c 


30 

C 

C 

C 


200 

C 

c 

c 

150 


40 

C 

C 

c 


SUBROUTINE  OISTUP (KtNCOtNCL) 
parameter  NCLASSa8fNC0MP333fN0l:>TsS6 

COMMON  Cl ( 1 :nCOMP t 1 :NCOMP, 1 :nci.asS) tC2 ( 1 :ncohp t 1 snCOmP t 1 :nclaSS) 
COMMON  INO(1:NCOMP) •M(l:NCOMPtl:NCLASS>  f01ST(l:N0IST) 

COMMON  CONTdINCOMP) tMEI6HT(l:NUlST) tZ(l:NCOMPI 
REAL  CONTfOISTtUEIGHT 
INTEGER  INO 

DOUBLE  PRECISION  Cl fC2.M.ZtdETAt TEMP 

00  300  I1>1>NCL 
00  300  JJ«1>NCL 

IF  (II  .EO.  JJ)  GO  TO  300  LOOP  THROUGH  ALL  DISTANCES 

NORO  « (NCL-1)*(II-I)*JJ-1 

IF  (II  .GT.  JJI  NORO>NORO*1  INDEX  IN  OIST 

COMPUTE  THE  VECTOR  PRODUCT  C2 ( II > •Cl ( II tK) 

00  20  laltNCO 
Z(I>  a 0. 

IF  (INO(I)  .EQ.  01  GO  TO  20  ONLY  SEL.  COMP. 

IF  (1  .EQ.  Kl  GO  TO  20 
00  20  JaltNCO 

IF  (INO(J)  .EO.  0)  GO  TO  20 

IF  (J  .EQ.  K)  GO  TO  20 

HI)  > Z(I)*C2(ItJtII)»Cl(JtK«lI) 

CONTINUE 

FORM  THE  SCALAR  PRODUCT  Z*C1(K<II) 

TEMP  *0. 

00  30  I>UNC0 

IF  (INO(I)  .EQ.  0)  GO  TO  30  ONLY  SEL.  COMP. 

IF  (I  .EQ.  K)  GO  TO  30 
TEMP  a TEMP*Z(I)*C1 (ItKfll) 

CONTINUE 

beta  a CKK.KtID-TEMP 

TEST  FOR  POSITIVE  DEFINITENESS 

IF  (BETA  .GT.  0.)  GO  TO  ISO  ERROR«  NOT  POS.OEF. 

TYPE  200  SO  TYPE  A EARNING 

format  (T10»*HaRN1NG  : NO  MORE  POS.OEF.'./) 

FORM  THE  SCALAR  PRODUCT  M(L>*Z 

TEMP  a 0. 

DO  40  lal.NCO 

IF  (INO(l)  .EQ.  0)  SO  TO  40  ONLY  SEL.  COMP. 

IF  (I  .EQ.  R)  SO  TO  40 

TEMP  a TEMP*Z(I)*(M(I.II)-M(ItJJ) ) 

CONTINUE 

TEMP  a (TEMP-(M(Ktll)-M(K.JJ) ) )**2 
NUB  AOO  THIS  CONTR.  TO  THE  PRESENT  VALUE 
OIST(NORO)  a OIST(NORO) *TEMP/SETa 


[J 


I 
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000S7  300  CONTINUE  NEXT  CLASSES 

ooosa  C 

OOOS9  RETURN 

OOOGO  C 

00061  ENO 


COMMON  BLOCKS 
/.COMM./ (*103444) 

Cl  *0  C2  *42020  INO  *104040  M *104101  OIST  *103121 

CQNT  *103211  4E16HT  *103232  Z *103342 


SU8PH06RAMS 

CALLED 

SCALARS 

ANO 

ARRAYS 

«•"  NO 

explicit  definition 

- NOT  1 

REFERENCED 

•NCO 

1 

•JJ 

2 

beta  3 

*K 

5 

•NCL 

6 

•NORO 

7 

•J 

10 

.SOOOS  11 

.S0004 

12 

. 30003 

13 

•I  I 

14 

.S0002  IS 

.SOOOl  16 

.soooo 

17 

TEMP 

20 

22 

. 

TEMPORARIES 

.A0016 

33 

OISTUP 

NO  ERRORS 

detected 

156 


MAIN. 


00001 

00002 

00003 

0000* 

00005 

00006 

00007 

00008 

00009 

00010 

00011 

00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 
-80023 

00024 

00025 
00020 

00027 

00028 

00029 

00030 

00031 

00032 
80033 

00034 

00035 

00036 

00037 


SELeC2.F0R 


FORTRAN  V.S(S1S>  /KI 


2-AU0-77 
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subroutine  OISTON(K.NCOtNCL) 
parameter  NCLASS>a •NC0MP«33 t no 1 ST*S6 

COMMON  c 1 ( I i NCOMP  » I : NCOMP • 1 : NCLASS ) t C2 ( 1 < NCOMP 1 1 : NCOmP  1 1 i NCLASS ) 
common  1N0(1:NC0MP) tM(l:NCOMPtltNCLASS) tOlSTd :n01STI 
COMMON  CONT(1:nCOMP) •WEI0HT(1:N01ST) tZCUNCOMP) 

REAt  CONTrOIST.WElOMT 
INTEGER  INO 

DOUBLE  PRECISION  Cl*C2tM«ZiTEMP 


00  300  Ilal.NCL 
00  300  JJaltNCL 
IF  (II  .EQ.  JJ>  GO  TO  300 
NORO  » <NCL-l)4(II-l) *JJ-1 
IF  (II  .GT.  JJt  NOROaNORO*! 


LOOP  THROUGH  ALL  OIST. 


40 

C 

c 

c 

300 

c 

c 

c 


FORM  THE  SCALAR  PRODUCT  N(II)-M(JJ)  » C2(KtIII 

TEMP  a 0. 

00  40  laltNCO 

IF  (INO(I)  .EQ.  0>  GO  TO  40  ONLY  SEL.  COMP. 

IF. (I  .EQ.  K)  GO  TO  40  SKIP  THIS  INOEX 

TEMP  a TEMP*(M(I.II)-M(IfJJi)*C2(l.KfII) 

CONTIMVe 

TEMP  a (TEMP*C2(KtK.II)*(M(KtII)-M(KtJJI ) )«'a2 

NOB  subtract  This  contr.  from  the  present  value 

01ST(N0R0I  a OIST(NORO)  - TENP/C2 (K»K t II > 
CONTINUE  NEXT  CLASSES 

THE  MEASURE  IS  NOW  UPDATED 

RETURN 

ENO 


COMMON  BLOCKS 

/.COMM./ (*105444) 

Cl  *0  C2 

CONT  *105211  HEIGHT 


SUBPROGRAMS  CALLED 


*42020  INO 
*105252  Z 


*104040  M 
*105342 


*104101  OIST 


*105121 


SCALARS  AND  ARRAYS  "•••  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


•NCO 

•II 

•I 


1 

6 

14 


•JJ 

.S0002 


•K  3 

.SOOOl  10 


•NCL  4 
.SOOOO  11 


*NORO  5 
TEMP  12 


MAIN 


SELEC2.F0R 


FORTRAN  V.5<S15>  /KI 


2-AUG-T7 
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00001  C 

00002  C 

00003  C 

00004 
GOOOS 

00006  C 

00007  C 

ooooa 

00009 

00010 
00011 
00012 

00013 

00014  c 

00015 

00016  C 

00017  C 
OOOIS  c 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027  10 

00028  C 

00029  C 

00030  C 

00031 

00032 

00033 

00034 

00035 

00036  30 

00037 

00038  C 

00039  C 

00040  C 

00041 

00042 

00043  200 

00044  C 

00045  150 

00046 

00047 
- 40048 

00049 

00050 

00051  40 

00052  C 

00053  C 

00054  C 

00055  C 

00056 


SUBROUTINE  lNVuP<KtNCOrNCL) 
parameter  NCLASS>8 tNC0MP333 tN01ST>S6 


COMMON  C 1 ( 1 : NCOMP • 1 : NCOMP • 1 : NCLASS) . C2 ( 1 : NCOMP 1 1 : NCOMP f 1 : NCLASS ) 
COMMON  INOd.'NCOMP)  .M  ( 1 ;NCOMPt  1 :NC1.ASS»  tOlST  ( 1 :N0IST) 
common  CONT  ( 1 1 NCOMP  > t WE  1 GHT  ( 1 : NO  I ST ) • Z ( 1 : NCOMP ) 

REAL  CONTfOIST. WEIGHT 
INTEGER  INO 

DOUBLE  PRECISION  Cl tCZf M. Z tBETA t TEMP 

00  300  II«1»NCL  GO  THROUGH  ALL  CLASSES 

COMPUTE  THE  VECTOR  PRODUCT  C2 ( I 1 ) ‘Cl (K. II ) 

00  10  I>1>NC0 
Z(I)  « 0. 

IF  (INO(I)  .EQ.  0)  GO  TO  10 
IF  (I  .EO.  K)  GO  TO  10 
00  10  Jal.NCO 

IF  (INOIJi  .EG.  0)  GO  TO  10 

IF  (J  .EO.  K)  60  TO  10 

Ztl)  a Z(I)  *C2(ItUtII)«Cl (JtKfll) 

CONTINUE 

FORM  THE  SCALAR  PRODUCT  Z*Cl(KtII) 

TEMP  a 0. 

00  30  I«1>NC0 

IF  (INOd)  .EO.  0)  GO  TO  30 
IF  (I  .EQ.  K)  60  TO  30 
TEMP  a TEMP.Z(I)*C1(I.K*II) 

CONTINUE 

beta  a Cl <KtK>II)*TEHP 

TEST  FOR  POSITIVE-OEFINITENESS 

IF  (BETA  .67.  0.1  GO  TO  ISO  ERROR.  NOT  POSITIVE-DEFINITE 

type  200  SO  TYPE  A WARNING 

FORMAT  (TIO. 'WARNING  : NO  MORE  HOS.OEF.'./) 

C2(K.KtII)  a I./BETA 
00  40  lal.NCO 

IF  (INOdi  .EQ.  0)  60  TO  40 
IF  (I  .EQ.  Ki  60  TO  40 
C2(I.KtTI)  a -Zdl/BETA 
C2<KtItIll  a C2d.K.II) 

CONTINUE 

THE  NEW  ROW  aNO  the  NEW  COLUMN  OF  THE  INVERSE  HAVE 
BEEN  UPDATED.  THE  GLO  BODY  WILL  NOw  BE  UPDATED. 


I 

i 


i 


00  50  1«UNC0 


l60 
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00001 

00002 

00003 

00004 

00005 
0t>006 
00007 

ooooa 

00009 

00010 
00011 
00012 

00013 

00014 

0001s 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 


SUBR0U7ZNE  INVON(KfNCO»NCL) 

PARANETER  NCLASSa8 •NC0HP>33 (NO I STaS6 


COMMON  C 1 ( 1 : NCOHP , 1 : NCOMP • 1 : NCLASS  > f C2 ( 1 : NCOMP  * 1 : NCOMP • 1 : NCLASS I 
COMMON  INO(ltNCOMP) f M ( 1 1 NCOMP 1 1 SNCLASS) tOIST ( 1 :N0IST) 

COMMON  CONT(l:NCOMP)tWEIGHT(l:NOIST)tZ(l:NCOMP) 

REAL  CONT.OISTtUEIGHT 
INTEGER  INO 

double  PRECISION  CltC2tMfZ 


DO  300  II«1»NCL 


LOOP  THROUGH  ALL  INVERSES 


00  20  I«ltNCO 

IF  (INO(l)  .EQ.  0)  GO  TO  20 
IF  (I  .EQ.  K)  GO  TO  20 
00  20  J>I>NCO 

IF  (INO(J)  .EO.  0)  GO  TO  20 
IF  (J  .EO.  K)  60  TO  20 

C2(1.J«I1)  > C2(I.J.II)*C2(I>Ktll)*C2(J.K.II)/C2(KtK»ll> 
C2(J*ItII)  a C2(ltJ*II) 

CONTINUE 

NON  THE  MAIN  BOOT  OF  THE  INVERSE  HAS  BEEN  UPOATEO 
THE  EXCESS  ROW  ANO  COLUMN  WILL  BE  ZEROED 

00  30  lal.NCO 
C2CItK.II>  a 0. 

C2(KtIfII)  a 0. 

THE  II'TH  INVERSE  HAS  NOW  BEEN  UPDATED 


CONTINUE 

RETURN 

ENO 


NEXT  INVERSES 


COMMON  BLOCKS 


/.COHM./(*10S444) 

Cl  *0  C2  *42020  INO  *104040  M 

CONT  *105211  WEIGHT  *105252  Z *105342 


*104101  OIST  *105121 


SUBPROGRAMS  CALLED 


SCALARS  ANO  ARRAYS  NO  EXPLICIT  DEFINITION  - NOT  REFERENCED 


•K  2 

.S0002  7 


•NCL  3 
.SOOOl  10 


*J  4 

.SOOOO  11 


.S0003  5 
•I  12 


I 


J 


I 


l6l 
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TENPOR ARIES 

.QOOOO  13  .00001  14 

INVON  NO  ERRORS  OETECTEO 


00001 

00002 

00003 

00004 

oooos 

00006 

oooor 

00008 

00009 

00010 
00011 
00012 
00U13 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 

00045 

00046 

00047 

00048 

00049 

00050 
, 00051 
i 00052 
I 00053 

; 00054 

' 00055 
00056 


QUALiTit 
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C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

1 


2 


Tnlb  PKOGPAP  IS  OESISNED  TO  rPJvIOt  INTERACTIVE 
selection  Or  FEATURE?  (=  CumPO  «c.nT3)  FOR  a PaTTERj^ 
RECOGNITION  SYSTEM 

THE  INPOT  TO  The  program  ConSIsTs  OF  A SET  OF  FILES* 
Each  of  oHICh  CONTAINS  a mean  vcCTuh  anO  an  INVERSE 
COVAkIaNCE  PaTkIX  (AS  PPOOoCEO*  TYPICALLY*  BY  THE 
ROUTINE  invert. FOR).  ThE  USER  .nOST  SUPPLY  THE  NUMnEK 
OF  THESE  files*  TmE  OIhENSION  or  Tnt  MATRICES*  AS  REll 

AS  The  names  of  the  files. 

THEN  ONE  has  a SET  OF  20  CohmamuS  aT  HIS  uISPOSITIun, 
NUMbEPED  from  I TO  20.  A Cuhma.vu  Is  SELECTED  rtf  TYPlN(i 
IN  ITS  CODE  nUmSEH.  some  Cohmanos  rEOUISE  aooITIONal 
information,  that  aIll  as  rEjocstej  from  the  user  as 
necessary. 

program  SELEC3 

parameter  NCLASs«20 .NC0“R»91 *NOIm»37000 

THESE  parameters  DEFINE  UPPER  sOUNoS  ON  Tn£  NUubcR 
OF  COMPONENTS  and  CLASSES*  dOT  00  NOT  INFLUENCE  TmE 
STORAGE  SPACE  ALLOCATION 

common  CCISNOIM) 
common  In0(I:nC0mP) 

real  C 

INTEGER  INO 

OOOoLE  precision  Od'.NCLASS) 
data  InO/NCCmPmo/*C/NOIm«0./ 

THE  aRrAT  0 COnTaINS  THE  NAME  jr  Th£  FILES 
THE  mRRaY  C is  alLCCATEO  In  FUNCTION  OF  ThE  USER'S 
AivSaERs.  it  *ILL  CCNTaIN*  In  T-iiS  JPOES*  THE  MEAN  ANQ 
inverse  COVarIaNCE  watRIx  oF  EmCh  Class*  TME  PREsEi^T 
VALUE  Or  The  InTEHCLASS  OlsTANCtS*  ANo  1 h£  COnTRIoOTIOn 
OF  EACH  COMPONENT  TC  ThE  InTERCLaSS  DISTANCES. 

THE  matrices  are  stored  RO«i  oT  rOa.  ThE  DISTANCES  ARE 

stored  eeTREEN  indices  NJI  and  "*oE*  the  weights 
SETwEEN  nOE*1  and  NDE.ND  ANO  Thc  CUnTRIiJOTIOnS 
hETmEEn  NUE*nO*1  and  nCE 

INO  KEEPS  trace  of  the  SELECTcu  COMPONENTS. 

(A  EERO  MEANS  that  The  COmmonEhT  IS  NOT  SELECTED* 
any  other  values  mean  That  the  component  is  selected) 

TYPE  loO 

accept  2U0.NCL  GET  NUMBER  OF  CLASSES 

IF  (NCL  .6T.  NCLaSS  .or.  nCL  .ut.  0)  GO  TO  I 
TTPt  lol 

accept  2vO*nCO  get  NOMotR  OF  COmPOn. 

IF  (nCO  .GT.  ncomp  .Or.  nCo  .Li*  0)  GO  TO  2 

jC  ■ NCC*(NCO*l) 

hO  « nCLm(NCl-II 

nCE  « nCl*((C*n>.ij»2mnO 

IF  (NCt  .GT.  NOlM)  30  TO  i 

DO  lu  I«I*NCL 

TYPt  IU2.I 


_ TC  best  quaiITT  mctlCABiS 
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00057 

OOOSd 

10 

00059 

00060 
00061 
00062 
00063 

c 

00064 

00065 

00066 

c 

00067 

IS 

00068 

c 

00069 

c 

00070 

c 

00071 

c 

00072 

00073 

00074 

00075 

00076 

00077 

17 

00078 

00079 

c 

00080 

c 

00081 

c 

00082 

c 

00083 

20 

00084 

00085 

00086 

00087 

00088 
00089 

c 

00090 

c 

00091 

c 

00092 

c 

00093 

c 

00094 

c 

0C09S 

c 

00096 

10c 

00097 

00096 

00099 

00100 

101 

00101 

102 

00102 

103 

00103 

00104 

00105 

104 

00106 

c 

00107 

200 

00108 

301 

00109 

202 

00110 

c 

00111 

C 

00112 

C 

ACCEPT  20lfD(I)  GET  FILEnaiE  OF  CUASS  I 

COmTINUE 

JO  lb  I»1.NCL 

open  (mOOE^MInAi^Y*  .UNrTaE0i0E'#iCE»"3SK'  .FIL£»0<I)  ) 
nS  ■ <l-l)*NC‘l 

REAO  (E0t202>  (C(J)  t Js'lStMS'iMCu-l) 
read  in  nEan  VECTOR 
* I»NC 

rEao  (20f202)  (C  ( J)  « JaNS-N(.0<'43) 
head  In  InvERSc  COV.  waTRIa 
continue 

This  loop  has  heao  the  veciurs  ano  Inverse 
covariance  “aThICES  in  TnE  arr-y  c 

NO  I » MS*1 
nOE  > hS-NO 
Tk  ■ 0 • 

ta  « o»  Initialize  trresh.  to  o 

JO  17  IaHOE*l tNJE-NO 

C(I)  « 1.  IuI.IalIZE  all  alXianTS  TO 

type  103  END  OF  Initialization 

THE  initialization  is  R0«  rlNIaneo,  anO  ThE  PROGRah 
enters  The  CORRA.nO  loop 

TYPE  lOA  ask  for  COhhAND 

accept  200. aCR  get  IT 

if  (NCR  .LE.  0 .JR.  NCR  .GT.  2-iJ  GO  Tu  20 
GO  TO  ( 1 000 . 1 1 uO  1 12  3 0 . 1 JOu  . i aO  Y I ISiiU  . loOO  . 
117u3.id0O.lS)00f2000.2100.c200.2J00.2AO0. 

22SOO.260O.2  70u.29On  .2’yOOI  NCR 

This  is  The  iCu-RAAC  INTEPPRtTtR*  USING  A SIh»L£ 
nURERICal  SaITCR  TC  select  a O-aTInaTION  lasel 


format  block 

format  (///.TS.'ThIS  orOGRmm  »ii.L  hELP  TOU  select  The 

1 d£ST  COmpOnEnTs. • . / . T5 . • SURE  paRahCTEmS  ARE  nEcJEO* 

2 ansrER  The  FuLlOaING  OuEsT iJis. • . / . T5. 'F IvIShInG  sy 

3 CR .'.//« Tl 0 * 'EnTE-  a of  CLaSsaS  ( *.i) 
format  ( no. ‘Enter  total  • of  wuhpunents  > ns) 

FORraT  (TlO.'EriTER  FIlEnarE  For  CLASS  ••.I3»'  : •»*) 
format  (/.TS.'ThE  IMTIAlIaaTI  jn  IS  COrpLaTE,  YOU  NO* 

1 EhTER  TrE  COhmanC  LOO“. • ./ .Ta. ‘The  20  CumrANjS  aRE 

2 listed  In  THE  InST»uCTIUn  ..y f ICE.  • ./// 1 

format  (/.TiJ.'TrPE  In  tuur  lOkranj  COUa  (1-20)  : *.$) 

format  (13) 
format  (AlO) 
format  (Ell. a) 


i 

t 

( 


ENJ  JF  FORMAT  9LUCK 


MIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
PROM  COPY  PURNlSHiiD  TO  QDC  
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ifjtO'i  PaOE 


00113 

00114 

00115 

00116 
00117 
00110 

00119 

00120 
00121 
00122 

00123 

00124 

00125 

00126 
00127 
00123 

00129 

00130 

00131 

00132 

00133 

00134 

00135 

00136 

00137 
00133 

00139 

00140 

00141 

00142 

00143 

00144 

00145 

00146 

00147 

00148 

00149 

00150 

00151 

00152 

00153 

00154 

00155 

00156 

00157 
00153 

00159 

00160 
ooiei 
00162 

00163 

00164 

00165 
9FTN0IM 
9FTN0IM 

00166 


c 

c > 
c 

1000 

1010 

c 

c 

c 

1100 

1110 

1120 

c 

c 

c 

1200 


c 

1210 

C 

C 

r 

1300 


C 

1310 

C 

C 

c 

1400 

1410 


LINE 

line 

U50 


FIRST  COmmanj 

00  1010  I«1«nC3 
INU(I)  « I 
00  TO  3000 

5ECONO  COHManO 

00  1110  I>1<nCO 
INO(I)  > 0 
00  1120  i«NcitNoe 
C(I)  « 0. 

60  TO  20 

TnlrtO  COnMANO 

TYPE  110 
accept  200.1 


AuO  all  components 
UPDATE  DISTANCES 


delete  all  components 

NEXT  COMMAND 

facT  component  specific. 


IF  (I  .GT.  NCO  .OR.  I .L£.  ul  JU  TO  1200 
IF  (INUd)  .nE.  (j)  go  to  1210 

THE  INPUT  HAS  NO*  SEEN  TnOrtOUGrtL Y CrtECKEO 


AUD  SPECIFIED  COMP. 
UPDATE  distances 

COMP,  already  SEl ECTEO 


IND(I)  > I 
GO  TO  4000 

TYPE  132 
60  TO  eO 

FOOHTH  COhM.,.0 

type  111 

ACCEPT  2C0.I  <»tT  COmoonEnT  SPECIFIC. 

IF  (I  .GT.  NCO  .OR.  I .LS.  0)  vjO  TO  1300 
IF  (INU(I)  .Ed.  0)  GO  TO  iJlu 

CHECK  rlNlSHEO 

INO(I)  « 0 
60  TO  5000 

Tr>»E  133 

r.O  TO  20 

FIFTm  command 

DO  l4l0  I»Nu£*nO*  1 .'NFF 
C(I)  ■ 0. 

*T  a 0. 

00  1450  <al.NCL-i 
00  l4So  L«F.1.nCL 

Call  UPCa T1 (nCu . nO I . NOE . ND .nCl . a .l . • T ) v^pOaTc  COmP.  CCNTRIa. 

colas  POSSIcLE  DC  I'.OEx  MODIFICATION  INSIDE  LuOP 
COloS  POSSIcuE  1^0  r.oEx  m’OO IF iCAT iUix  INSIDE  LOOP 
continue  next  CLASS 


delete  SPECIF.  Common. 
UPDATE  DISTANCES 

COMP,  already  DElETEO 


TO  AVERAiE  CONTR. 


mis  PAGiE  IS  BEST  QUALITY  FKACTICABLZ 
JBOMCOPYfURJilSHEDrOIiD.C ' 
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SELEC3 

SELEI 

00167 

C 

00168 

C 

00169 

c 

00170 

c 

00171 

c 

00172 

00173 

c 

00174 

c 

00175 

c 

00176 

1500 

00177 

1510 

00178 

00179 

00180 
00181 
*ftnoim 

line 

»FTNOIM 

LINE 

00182 

1550 

00183 

C 

00184 

C 

00185 

c 

00186 

c 

00187 

c 

00188 

00189 

c 

00190 

c 

00191 

c 

00192 

1600 

00193 

1610 

00194 

00195 

1620 

00196 

00197 

00198 

00199 

00200 
9FTN0IM 

LINE 

00201 

1650 

00202 

c 

00203 

c 

00204 

c 

0020s 

c 

00206 

c 

00207 

1670 

00208 

00209 

00210 
00211 
00212 

00213 

00214 

00215 

c 

00216 

1660 

00217 

C 

00218 

C 

00219 

C 
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The  CONTPIoLTIom  OF  caCH  ONScLtCTEO  COmPOi^ENT  TO 
Th£  aVEPmGE  INTESCLaSS  OISTfcNCt:  nAS  nO«  liEEW  COMPUTED 
Trtc  largest  'CONTSISUTOP*  wILL  pE  icLtCTtO 


UO  TO  1670 

siatm  command 


USE  PART  OF  OTMCn  POUT. 


DO  ISIO  I»NOE*nO»1.nC£ 

C(I)  « 0. 

nX  m 0. 

00  1S50  K>1.NCL-1 
00  1550  l.*K.l..'lCL 

CALL  UPOATZeNCu.NDI.NOEtMOfNCL’NfLtAT)  UPDATE  COMP.  COnTPIH. 
OCI1I  P0SSI9LE  CIO  ImUEx  mOOIFICATiUi^  INSIOE  LOOP 
00161  POSSIBLE  00  InOEa  MODIFICATION  inSIOE  LOOP 
CONTINUE 

THE  CONTHIBOTIOn  OF  EACH  SElECIcO  COMPONENT  TO 

The  average  INTEnCLASS  OISTanCs.  HAS  NUa  SEEN  COMPUTED 

TriE  smallest  'COnTR  IBUTOh • alLw  o£  hEJECTEO 


GO  TO  1770 

SEVENTH  COMPAND 

DO  1610  IaN0e*N0*l.NCE 
C<I)  » 0. 
vT  » 0. 

TYPE  112 
ACCEPT  200. K 

IF  IK  .GT.  NCL  .oh.  < .LE.  0) 

00  1650  L>1.NCl 

IF  (L  .£0.  K)  GO  TC  1650 


USE  PART  OF  OTmcR  ROUT. 


ASK  FOR  CLASS  a 
GET  IT 
MU  TO  1620 

LOOP  TC  compute  uIST. 
SKIP  CLAaS  ITSclF 


CALL  UPOaTI CNCO.r.OI.NOE.ND.NCL.N.L.aT)  UPDATE  CUMP.  CONTRIS. 
00200  POSSIaLE  OO  I.DEa  mOOIFICmTiUn  INSIDE  LOOP 
CONTINUE  NEAT  CLASS 

This  LOOP  HAS  computed  Trit  CUMniBoTION  Or  EACn 
UNSELECTEO  COMPONENT  TO  Tdt  TOTml  InTEHCLASS  OISTanCE 
NOa  THE  largest  • CCN T3 I SUToh • siLL  6E  SELECTED 


CALL  maai1.nC0.nje.nD) 

IF  (I  .EG.  3)  GU  TC  1660 

J a NOE *ND* I 

CONTR  a C(J)/aT 

IF  (CONTm  .lT.  Ta)  go  to  loaO 

INO(I)  a I 

TYPE  120. I. CONTR 

GO  TO  AOOO 


RETURNS  TnE  InUEa  In  I 
ERROR 

AVERAGE  CONTRIduflON 
la  IT  SELOa  Threshold  ? 
NO.  So  ADO  COMPONENT 
OUTPUT  DATA 
UPDATE  OISTAnCES 


Type  13a  CCmpaNw  ERROR 

VERY  LIKELY.  All  CCp^ONEnTs  ae-c.  alrEAuT  sElECTED 


-IS  PA®  IS  BSSI  asttin 


SELEC3 

SELEC3. 

FOR  FORTRAN  v.5(5l5)  /Kl 

27-JUL-77  8u:09 

00220 

GO  TO  20 

00221 

C 

00222 

1690 

TYPE  136 

sELOa  ThRESHOLO-TD-AOO 

00223 

GO  TO  20 

00224 

C 

00225 

c 

eighth  command 

00226 

c 

00227 

1700 

00  171U  Ia.NOE»NO>l.NCE 

00228 

1710 

C(I)  a 0. 

00229 

aT  a 0. 

00230 

1720 

TYPE  112 

ASK  FUR  CLASS  a 

00231 

ACCEPT  200. K 

GET  IT 

00232 

IF  (K  .QT.  NCL  .OR.  < .LE.  0)  au 

TO  1720  5 

00233 

00  1750  Lai. NCL 

00234 

IF  (L  .ED.  K)  GO  TC  1750 

SKIP  CLASS  itself 

00235 

CALL  UP0AT2 (NCu.nOI .NOE.NUtNCL.N 

•L.aT)  updates  CDmP.  i 

PA6C  l-<i 


»FTNDIM 

00236 

00237 
0023a 
00239 
002*0 
00241 
90242 

00243 

00244 

00245 

00246 

00247 

00248 

00249 

00250 

00251 

00252 

00253 

00254 

00255 

00256 

00257 

00258 

00259 

00260 
00261 
00262 

00263 

00264 

00265 

00266 

00267 

00268 

00269 

00270 

00271 

00272 

00273 

00274 


!00235  POSSIdLE  DO  ImOEX  MODIFICATION  INSIDE  L00“ 

CONTINUE  NtAT  CuMaS 

THIS  LOOP  MAS  computed  Tpt£  COnImIBuTIOn  OF  EaCh  SELECTED 
COMPONENT  TC  TmE  TCTAl  IMTEHCLAai  DISTANCE.  TME  SMALLEST 
•COnTRISUTOP • "ILL  n04  SE  OcTEaminED  AND  kEJECTEO 


CALL  MIN(l.NCOfNOEtNO) 

IF  (I  .EO.  0)  00  TC  17S0 

J « N0£*N0*I 

CONTR  > C(J)/WT 

IF  (CONTR  .QT.  TR)  SO  TO  1T»0 

INO(I)  a 0 

TYPE  121.I»C0NTfi 

GO  TO  5000 

TYPE  135 


R£TUH(4S  index  IN  1 
ERROR 

ay£Ra(>E  CONTRlbuTION 
IS  IT  AoOVE  TiiRESriOLD  ? 
NUt  SO  REJECT  COMP. 
DISPLAY  information 
UPDATE  distances 

COMMAND  ERnOR 


VERY  LIKELY,  all  CCpPOnEnTS  "Ekl  ALREADY  kEJECTED 


go  to  20 

TYPE  137 
GO  TO  20 

NINTH  COMMAND 


AoUVE  THRE3nOLD“TO“REjECT 


00  1810  IaNCE*NO»l.NCE 
C(I)  a 0. 

aT  a 0 . 

type  113 

ACCEPT  203. A. L GET  CLASa  *S 

IF  (K  .GT.  I. CL  .DM.  L .GT.  nCL  .OR. 

1 K .LE.  0 .DR.  L .LE.  0)  GO  Tu  IbcO 
IF  (K  .ED.  L)  GO  TC  ZOoO 

Call  UPC aTI  ( nCU *iJD I .NOE . n.; .nCL . a t l * «T } UPDATE  Comp.  CCnTRIP. 

GO  TO  1670  select  CuMPOnEnT 

tenth  comma, >D 


IHIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
JJSOM  COiPX  fURtilSHED  TO  DD.C  ^ 
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I 


00275 

00276 

00277 

00278 

00279 

00280 
00281 
00282 

00283 

00284 

00285 

00286 

00287 

00288 

00289 

00290 

00291 

00292 

00293 

00294 

00295 

00296 

00297 

00298 

00299 

00300 

00301 

00302 

00303 

00304 

00305 

00306 

00307 

00308 

00309 

00310 

00311 

00312 

00313 

00314 

00315 

00316 

00317 

00318 

00319 

00320 

00321 

00322 

00323 

00324 

00325 

00326 

00327 

00328 

00329 

00330 


1900 

1910 

1920 


C 

C 

c 

2000 


c 

c 

c 

c 

2010 

C 

2060 

C 

C 

C 

2100 


c 

c 

c 

2200 


C 

C 

C 

2300 


JO  1910  I«N0£*i'<0*l*NCE 
C(I)  ■ 0. 

mT  > 0* 

TYOC  113 

accept  203. KtL  GET  CLASS  aS 

IF  {K  .GT.  nCL  .Oh.  L .Gr»  nv»L  .Ort. 

2 K .LE.  U .OH.  L .LE.  0)  uO  T.i  1920 
IF  (K  .E3.  u)  GO  TC  2060 

CALL  UP0mT21nC0.n0I.N0E.'»J.hCL«a.L.4T)  UPDATE  CoMP,  CONTHIB. 
GO  TO  1770  deselect  COMPONENT 

eleventh  COPhanO 

TYPE  113 

ACCEPT  203. K.L  GET  CLASS  aS 

IF  (K  .GT.  \CL  .08.  L .GT.  NCL  .OR. 

1 *■  .L£.  0 .38.  I.  .cE.  0)  GO  Tj  20u0 

IF  (K  .cQ.  L)  GO  TC  20e0 

NOHOl  a (NCL-1)*(K-1)*l-1*nUI-1 

N0fl02  a (NCL-U*(L-1)  ♦(<-1*n0I-i  InOEa  aS  In  OIST 
IF  (K  .GT.  L)  NOHJlaNOSOl*! 

IF  («  .LT.  L)  N0HO2aNOH02»l 

HMS  a a. 

IF  (C(NOPOl)  .E3.  U.  .AND.  C(NUh02)  .Eo.  0.)  GO  TO  2010 

rlMS  a 4.*C(n0H01)»C(N0PU21/( (»hMT<C(nOHJ1) )*Si«T(C(N0RD2) ) )*a2) 

NOPJl  & 2 AhE  The  CISPLACEhENTa  IN  THE  aRHAY  C (JIST.) 

HNS  stands  for  haRhcnIC  hEaN  SOUaRE 

TYPE  122.k.l.K.C(nCRP1) .L»C(N0-U2) .h»S 

GO  TO  20  next  CUMMANO 

type  123  ERROR  hESSaGE 

GO  TO  20 

TaELFTH  COHHaNO 

TYPE  124 

CAUL  Pack  (NCO.nCE.inCE.NO.  J) 

TYPE  125. (CCI) . IaNCe*NO»l.NOE*Nu*u)  TYPE  SELcCTEO  COMP.  aS 

type  130 

GO  TO  20  nEaT  command 

ThIhTEENTH  COHmAnO 

Call  par«m ( ncO .ncl . no .nO I »nOE .'.po .vhIn.avER.SO.i.ji 
TYBE  126fNS8.AvER.2C.VMlN«If J.Tm.Tm  SHORT  STATUS 

GO  TO  20  NeXT  command 

FOUhTEENTH  COHma.^0 

Call  pahah(nco.ncl.nD.nOI .nDE.'.Ss, vh In. a VEP. so. I « J) 

PRIhT  12s *NSd  ... veR . 50 . Vh in.  I . j ♦ I a . TR  SHORT  STATUS 

PhIi.T  127 

Call  paca  (NCO.xCt.NCE .no. j) 

“hl-iT  125.  (c  ( I)  •iaAce.-10-i.Nje...L..w)  list  of  sel.  cohp. 


i 

i 

I 


I 


i i 

i J 


1 


-f' 


IHIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
raOM  OOPY  FUR»ISHED  TO  DDC 


SELEC3 

00331 

00332 

SELcl 

00333 

C 

0033* 

c 

00335 

c 

00336 

00337 

00338 

00339 
003A0 
003A1 
003*2 
003*3 

2*00 

003** 

C 

003AS 

C 

003*6 

c 

003*7 

003*6 

c 

003A9 

00350 

00351 

00352 

00353 
0035* 

00355 

00356 

00357 
00356 

00359 

c 

00360 

00361 

2*05 

00362 

C 

00363 

0036* 

00365 

2*lu 

0036* 

C 

00367 

C 

00368 

C 

00369 

00370 

00371 

2500 

00372 

c 

00373 

c 

0037* 

c 

00375 

00376 

00377 

2600 

00378 

c 

00379 

c 

00380 

c 

00381 

00382 
00353 
0038* 

00385 

00386 

2700 

FOHTWAN  v.s(5i3)  /Kl  27-JUL-77 
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CU.'O^  BASE  1-4 


PkIwT  130 
v>0  TO  ^0 

FIFTEEi'^Tn  CCi^maNO 


NCXT  CQM«4Ai<tO 


CAUL  PARAM(NCO«NCL«NOtNOI  tMOc  t -'490 • </MIN  t A OtP  t SO*  I « Ji 
ppIi'iT  13o*NSd*AVbAiS0tV^lNtl»J*1  A*T>«  SHOKT  STATUS 
PHImT  127 

CALC  Pack  (;JCOtr«Cc*NOE*NOf  J) 

-PIi-iT  I2s>*  tc  ( I»  •IaKCE*NO*l  .Nue*NO»-J)  LIST  OF  sec.  COlP. 
phInT  130 
PkInT  12a 
K s U 

Tnt  PHOCRAM  »Ii.L  NCk  PRIr^T  ALL  I'lTESCLAsS  DISTAMCES. 

ORuCREO  bT  Class 

00  2*10  1*1. nCL 
00  2*10  0*1, NCL 
IF  (I  .EU.  0)  GO  TO  2*10 
NOROl  » (>MCL-1)*(I-1)  ♦J-1*N0I-1 
IF  (I  .GT.  j)  NOw01»NOR01*1 
40Ru2  * NOR01»nO 
IF  (K  .NE.  0)  30  TC  2*05 
K » 1 
PRINT  131 

PRINT  129,I,J,C(N0r011 ,C(N0R02t 
GO  TO  2*1U 


NOT  A POSSIbLE  uISTanCE 

1ST  OR  2nO  print  column 
1ST  column 


K a u 

^r^lJ'iT  l£V«I«jtC(i40inCl]  fC( NOkCS ) 

Continue 
print  130 
GO  TO  20 

sixteenth  COpmaNO 

type  11* 

ACCEPT  20*, T^ 

30  TO  20 

SEi/EnTEENTh  CUmPanC 

type  115 
accept  20*. Th 
GO  TO  20 

eighteen  fri  CQMhanO 


type  llo 

aCCtPT  2U9,t,U,4 
IF  (I  ,LE,  J auR,  I aST,  iaCL  ,JH, 

I J .Li.  0 .v)p.  J ..;T.  NCL)  'jO  10  2700 
IF  (I  ,£-ja  w)  GO  TC  2060 
nORUI  * (NCL-l ) *tl-l  1 ♦ 


2N0  COLUMN 


NEXT  COMMAND 


ASK  FOR  TMRESMOLO-TO-AOO 


ASK  FOR  TmAEShOLO-TO-REjECT 


ASK  FOR  CLASS  Aa.AEIGHT 


SHIS  PASS  IS  BEST  QUALITY  FRACIlOAlijl 
roOH  COPY  FURSilSUKD  10Wi6  
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00387 

.<0f<02  » (NCL-1)  *(J-l)  *I-1*NuI-1*nO 

00388 

IF  (I  .87.  j)  N0H01aN0«01»l 

• , 

00389 

IF  (I  .lT.  j)  n0H02»N0«02*1 

. - • • T '•  » ‘v  ' , i 

»*?**“' 

00390 

C(NUi<01)  a n 

00391 

C(NOA02)  a >, 

00392 

GO  TO  20 

V ' A'  »*■>  - 

00393 

C 

00394 

c 

nineteenth  COmhanO 

G0395 

c 

00396 

2800 

TYPE  113  ASK  FOk  class  aS 

00397 

ACCEPT  203. I.J 

00398 

IF  (I  .L£.  0 .OP.  I .GT.  NCL  .0... 

00399 

1 J .LC.  0 .UM.  j .GT.  NCLJ  go  to  2800 

00400 

'IF  (I  .£(4.  J)  GO  TC  2060 

00401 

t40HOl  a (nCL-1)  *(  I-I  ) *J-l*NLli-4*r40 

00402 

IF  (I  .GT.  0)  i.0H01aN0P0l*l 

00403 

TYPE  138.C(N0H01)  TYPE  aElGHT  FOH  THESE  CLASSES 

00404 

GO  TO  20 

. - ■ 

00405 

c 

00406 

c 

TaEHTIETri  CC**MBNj 

-•  j 

00407 

c 

■ ..  ■ V- 

• t » tf  --i 

00408 

29u0 

STOP  EnU  of  PHOGRAM 

..  ■ 

00409 

c 

00410 

c 

DISTANCE  UPCaTI.-u  (ALL  COi-ipONEhTS) 

- 

00411 

c 

OOnE  8Y  EYALOaTIlG  all  OuAOHaTiu  FORhS  COHPLETELY 

00412 

c 

00413 

3000 

00  3100  Ial.NCL-1 

00414 

00  3100  Jal.l.NCL 

00415 

nOHOI  a (hCL-1)»(I-1) ‘J-l.NUl-i 

00416 

NORo2  a (NCL-l)*(J-l)  ♦I-l»-.OX-l 

. 

00417 

IF  (I  .GT.  01  N0A01aN0R01«i 

. 

. 

00418 

IF  (I  .LT.  0)  nOk02«N0R02«1 

00419 

C(NOhOI)  a J. 

00420 

C(NOm02)  a C. 

00421 

c 

00422 

c 

DI3T  IS  INITUlUEC  AT  2EWo 

00423 

c 

00424 

DO  JlOO  ^al.i.CO 

00425 

pROol  a 0. 

00426 

PHOL12  a 0. 

00427 

00  3050  Lai. ..CO 

00428 

11  a NC»(  I-l)  ♦K’»nCC*L 

00429 

12  a NC«(0-11 ‘KaNCO.L 

00430 

Ll  a NC»(I-ll *L 

00431 

t2  a NC4(J-11*L 

00432 

PPOOl  a PP001*C(Il)«(CtLl)-C(LA» 1 

00433 

pR0o2  a PR002»C(I2)«(C(Lll-C{Lin  ACC.  PAhT.  PkoO. 

00434 

3050 

CONTINUE 

00435 

Ll  a NC4(l-l)*K 

00436 

L2  a NC4(J-l) .K 

00437 

C(NOHOl)  a C (NUftoll .PPODl* (C <Li 1 -C (L2) 1 1 

00438 

C(NyH02)  a C(N0PD2l»op002«(C<Li»-CtL2n  1 

00439 

C 

1 

jr 

00440 

C 

bCCuhulaTES  PahTIal  SuhS 

00441 

C 

! 

00442 

3100 

CO.'iflNuE 

1 

• V 

^ j 

00443  uO  TO  20  NEXT  COMnANO 

00444  C 

00445  c DISTANCE  UPOATIN'i  (I  IS  iNutX  Or  AoOEO  COrlPONENT) 

00446  C uOiMt  mOOInS  TrtE  NE«  COnPONE xT  • S COnTAIoOTIOnS  TO  THE 

00447  C PmEv  lOUS  distances  (AS  FOUND  !><  Trtc  ARRAY  OIST) 

00448  C 

00449  4000  00  *100  jaltNCL-I 

00450  00  4100  KaJ*l«NCU 

00451  CALL  TEPP(NCO<NCL»NCI«I«JtXtNO'<ulfNOP02tPROOlfPNOu2) 

•FTNOIM  LIN£;00*51  r>OS6I9LE  00  InOEa  NOO IF ICAT lUN  INSIDE  LOOP 

fFTNOIM  LlAc:00*3l  POSSItiLE  00  INDEX  mOOIFIC-TIUN  InSIDE  LOOP 

00452  11  ■ MC*( J-1) *1 

00453  12  « NC»(K-1) *1 

00454  Ll  « NC*(J-1)*I*(NC3*1) 

00455  l2  * NC*(«-1 > *i*(UCC*l) 

00456  ■ C(NOk01>  » C(N0O01)*(C(Il)-C(Ici )*(Pao01*C(Ll)* 

00457  1 (C(I1)-C(I2) ) ) 

00458  C(N0A02)  » C(N0R021*(C(Ill-C(Ic> l*(PR002«C(L2)« 

00459  1(C(I1)*C(I2) > ) 

00460  *100  CONTINUE 

00461  SO  TO  20  NEXT  CONnANO 

00462  C 

00463  C DISTANCE  DPCaTINO  (I  IS  InuEX  OF  DELETED  COMPONENT) 

00464  C DONE  BY  SURTRALTInE  ThE  KEoECTau  COMPOf'iENT • S CONTnlbuTION 

00465  C from  TriE  PREVIOUS  DISTANCES  ( AS  FOUND  IN  ARRAY  DIST) 

00466  C 

00467  5000  DO  5100.  J>1<NCL-1 

00468  00  5100  X»J»1.NCl 

00469  CALL  TEHP(NC0«NCL«ADItl>UtA<NORultNuHO2tPKOOl<PROO2) 

fFTNOIM  lINE:00*6V  POSSIdLE  00  INDEX  MODIFICATION  INSIDE  LOOP 

IFTNOIM  LlN£snO*69  POSSIoLE  00  IvOEX  MODIFICATION  INSIDE  LOOP 

00470  II  ■ NC*(J-1) *I 

00471  12  • NC«(K-l) .1 

00472  1.1  • NC«(J-1)*;»(NCQ*1) 

00473  l2  • NC« (K-l ) ♦!* (NCC*1 ) 

00474  ClNUNOl*  » C(NuR01>-(C(Il)-C(IcM*(Ph0Dl*C(Ll)« 

00475  1 (Cdll-CC?)  I I 

00476  CtNON02)  ■ C(.JORu2)-(C(Il)-C(l£) )»(P«002*C(L2)* 

00477  l(CtIl)-C{I2) ) I 

00478  5100  CONTINUE 

00479  SO  TO  20  NEXT  COMMAND 

00480  C 

00481  C 

00482  C format  aLOCX 

00483  C 

00484  no  format  (TlO.'TtPE  In  TME  • ur  TnE  COmP.  TO  dE  AUU&J  : 'fl) 

00485  111  format  (TlO.'TYPt  IN  TmF.  * uF  TmE  CO-P  . TD  3E  uELETtO  *•  **S) 

00486  112  format  (Tnt»Tr«t  IN  CLASS  » : '.S) 

00487  113  format  (TlO.'TtPE  In  SOTm  CLaSs  numsEaS.  SEP.  or  A COMMA  : ».») 

00488  11*  format  (TlO.'TtAt  In  TRRESnucu” I <J“aOO  s '.») 

00469  115  FORmaT  (TlO.'TYPc  IN  TRRESrULD” ' U“rEocCT  ! *.i) 

00490  116  FOR.'AT  (T1';.*TT®E  I\  aOTr  ClaSs  “S  * AtlijnT.  SEP. 

00491  I 5r  A CORR.  : '.f) 

0049?  C 

; 00493  12C  FurmaT  (TIO.'TmE  SELECTEj  COmo.  n pITr  a 

; 00494  I ConTR.  of  •.eil.A,/) 
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00495 

121 

FOkmaT  (TlO.'Tne  9EJECTEJ  COMP.  IS  ••♦13f**  AMICM  MAO  A 

' ■ 

00496 

1 CONTR.  of  *.£11.4./) 

00497 

122 

format  (TlO.'TnE  DISTANCES  bETocEN  CLASS' »I3»*  ANLi  CLASS 

4.  i 

00498 

1.13.'  AHt  : • t/.TlO. •~REL.  TO  CLASS'*I3*'  : '.Ell. 4,/. 

. i 

00499 

2T1o*'--mEL.  T(j  CLASS'. IJ«'  : ' »6l 1 .4./ . TIO . 

00500 

3'— mARHOMC  mean  square  : '.Ell. 4,/) 

■,  H 

00501 

123 

format  (TIO. 'CLASS  AS  MUST  oE  uIFFEmEnT  './) 

00502 

124 

format  (TlO.'TnE  FOLLOMiNG  CUMHUNEnTS  ARE  SELECTED  :') 

00503 

125 

format  (/.KXSA.FA.O)  ) 

00504 

126 

format  (TIO.'TmE  present  STATUS  IS  :'./.T10. 

00505 

1'— number  of  selected  COmpONE.TS  :'.I4./,T10. 

1 

00506 

2'— a/EhAoE  INTtnCLASS  JISTawCE  : ' .El 1 .4,/ . TIO . 

i 

00507 

3'  mITm  a STaNUARC  dev.  of  : ' .eil.4./.TlU. 

00508 

4'— THE  MINIMUM  mmS  distance  Is  : ' .El 1 .4. / . T1 0 . 

00509 

5'  dET*EEN  CLASSES '. 13. ' am3 ' » I J. / • T1 0 . 

00510 

o'— Tm£  THMe3MULJ-T0-A(30  IS  : ' .Ell  .4, / . TIO. 

00511 

7'  The  TmRESHuLO-TC-s.EJECT  is  : '.£11.4./) 

00512 

127 

format  (TIO.'TmE  SELECTED  C[)MRu..£t'lTS  ARE  :') 

t 

*■ . -x 

00513 

122 

format  (/.TIO.'TmE  INTEPCLaSS  oiSTAHCtS  ARE  :'.//. TIO. 

\ ■ 'f' 

00514 

12(*Foom;  to:  DISTANCE:  McionT:  ')) 

00515 

129 

format  (4A.I3,dX.I3.2X.eil.4.2A.F6.3.3X.») 

• ' 'y  \<  j 

00516 

130 

FORMAT  (//) 

00517 

131 

format  (/.TT.i) 

00518 

132 

format  (/.TIo.'TmIS  COmROncNT  Is  ALREADY  SELECTED  './) 

■ ' 

00519 

133 

format  (/.TIO.'TrIS  component  is  already  rejected  './) 

00520 

134 

format  (/.TI j. '£rRC“  : ALL  CUMmUwEmTS  ALREADY  SELECTED 

00521 

1 './) 

00522 

135 

format  (/.TIO. 'EmRCR  : ALL  CumrdnENTS  ALRcAOY  REJECTED 

00523 

1 './) 

00524 

136 

format  (/.Tia. 'CONTRla.  bcLOR  TnRESMOLU-TO-AOO  './) 

00525 

137 

format  (/.TIO. 'CDnTSIB.  AbuVE  1 mrESMOlD-TO-RE JECT  ',/) 

00526 

138 

format  (/.TIo.'TrE  aEIGhT  IS  : '.Fo.3./) 

00527 

C 

00528 

203 

format  (21) 

00529 

204 

format  (Flo. 5) 

\ 

00530 

205 

format  (eI.FS.s) 

00531 

C 

00532 

C 

ENij  OP  FOrt**ftT 

00533 

c 

«NO  OP  PhOU^Mfi 

00534 

ENO 

COMMON 

Blocks 

/.COMM 

./(♦110343) 

C 

• 0 

IND  .110210 

SU8PR069AMS  CALLED 

MIN 

S09T. 

MAX  UROaTI  uPDaTB  temr 

i 

PACK 

papam 

I 


J 


I 


SELEC3  SELEC3.F0S 


F0ST-»4N  V. 5(513)  /Ki 


£7-jt)L-77 


<(U:u9  PACE  1-iO 


SCALARS 

ANO 

ARRArS  NO 

EXPLICIT  OEFINITIO' 

, - »<*••  not  mefehenced 

.10013 

1 

.S0020 

2 

.10012 

3 

.10011 

4 

•nco 

3 

•NOROl 

6 

.10010 

7 

•SO 

10 

•w 

11 

•noe 

12 

.S0037 

13 

•NS 

1* 

.50036 

13 

.50035 

lo 

.50034 

17 

.50033 

20 

.S0032 

21 

•« 

22 

.50031 

23 

•no  I 

24 

.S0030 

25 

•NCL 

Ito 

•T« 

27 

*T« 

30 

•nCE 

31 

.SUOAO 

32 

•nns 

33 

•MS 

34 

•ncm 

35 

•j 

36 

.S0007 

37 

.50006 

*0 

.£0005 

41 

0 

42 

•NSa 

112 

.SOOO* 

113 

.SU003 

lU 

.£0002 

115 

.50001 

116 

.soooo 

117 

*L2 

120 

•12 

121 

•aver 

122 

.50017 

123 

.50016 

124 

.SOOIS 

125 

.IO007 

126 

.£0014 

127 

*Nu 

130 

.10006 

131 

.S0013 

132 

.10005 

133 

.£0012 

134 

*Pt<002 

135 

.10004 

136 

.soon 

137 

*1.1 

loO 

.10003 

l4i 

.50010 

l42 

*L 

l43 

.10002 

lAA 

*11 

Ub 

.10001 

l40 

*nuko2 

l47 

••T 

150 

.10000 

ISl 

•I 

152 

•VM  IN 

15j 

.50027 

l54 

. 50026 

155 

.S0025 

1S« 

*NC 

157 

.10017 

loo 

.50024 

161 

.10016 

162 

.S0023 

163 

.10015 

164 

.£0023 

165 

•MMOCl 

166 

.10014 

167 

.S0021 

170 

•CO.iIR 
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7EMP0R ARIES 

.00000 

1050 

. 3uU0 1 

1051 

SFTNriRN 

SELEC3 

NO  fatal  ERRORS 

ANO  10 

nhRnINOS 

IBIS  PAGE  IS  BEST  QUALITY  PRAC II 6 
IBOtt  COPY  furbished  TO  DDQ 
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H*IN. 


00001 

00002 

00003 

00004 

oooos 

00006 

00007 

OOOOA 

00009 

00010 
00011 
00012 

00013 

00014 

00015 
OOOIA 
00017 
OOOIH 

00019 

00020 


SELEC3.F0rt 


F0WTK4N  V.=  1515)  /M 


27-J!jL-77 


20 : 09 


PA5E  1 


10 


iU^KOUTlNc  “aX ( I *NCO»NOE*No) 
oAi^AMETEW  NC1.*S3»20  •l'tCOMr*»Sl  •NOiMsj7000 
COMMON  CC1:nOIk) 

CO*^mON  INiO(  1:nC0'<iF) 
m£al  C 
INlEScS  INC 
I * 0 

VMAA  » -1.E26 
UO  10  Jxl«NCO 
IF  (INu(J)  .iE.  0)  GO  TO  lO 
!<  a N0£»N0*J 

IF  (V44*  .Gt.  C(A))  GO  TO  10 
I a J 

V**4A  a C(K) 

continue 

SiETuHN 

ENO 


ONLT  UNacL.  COHP. 
TEST  FO*  -AX. 


FOUND  A large- 


COMMON  GLOCAS 

/.C0MM./(.llg3»3) 

C •€  INO 


suromograms  called 


SCALARS  ANC  aPhaTS 


*110210 


•NCO  1 
.SOOOO  6 

TE-POPAPies 


•NOE 

•nD 


“•••  NO  EXPLICIT  OEFInITIOm  - nCT  MEFERENCEO 

4 *0 


•V-AX 

•I 


3 

10 


MAX 


NO  FPAuRS  oetectec 


I 


IHIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
FROM  COPY  FURNISHED  TO  DDC  ^ 


, r 


iTlt- 


MAIN. 

SELEC3 

.FOP  FOPTtnAin  Y.;(515) 

27-J40L-77 

2U:09  PmGE 

00001 

c 

00002 

c 

00003 

c 

OOOOA 

aUbhOUTiNE  MINCItNCCNNOENNu) 

00005 

PAPaMETEm  NCLAbS»20 .NCOMP=Vi*NUlM»J7000 

00006 

common  Ctl:NOlM) 

■**T>  .• 

00007 

COMMON  In0<i:nC0mP) 

ooooa 

peal  C 

■'■  y ■ 

00009 

iNTtttEP  INO 

00010 

I » 0 

00011 

VMIr4  a l.E»26 

V i 

00012 

00  10  Jal.i'iCO 

00013 

IF  (IMO(J)  .eu.  0)  130  TO  lu 

ONLY 

SEL.  COMM. 

OOOIA 

n s nOE»no*o 

00015 

IF  (VMIN  .Le.  C(K))  go  to  IJ 

TEST 

FOP  mIn. 

0001b 

I a J 

00017 

VMIN  a CtK) 

FOUND 

A LAPGEP 

00016 

10 

CONTINOE 

00019 

pETUMN 

•’  1 

. 1 

00020 

Enj 

r 

COMMON 

SLOCKS 

/.comm. 

/(*1103*3) 

c 

i 

*0 

INO  >110210 

i 

SUSPt^OGRAMS  CALLED 

SCALAPS 

ANC  mPM«Y5>  "•••  wO  tXPLICIT  DEFINITION 

- "n"  NCT  PEFEPEnCEO 

- 

•NCO 

1 

•NOc  E *K  J 

•J  A 

.aOOUO  S 

♦NO 

b 

•I  T *V»IN  10 

; tempopapies 

MIN  NO  lIETECTEO 


i 


I 

I 


y 


fBOBOOPiFUMlSS™*®'®®  
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MAIN.  SELEC3.FOrt  FOHT-IAN  V.S(51S)  /KI  27-JUL-77  20;0>>  PAGE  1 


00001 

oaoo2 

00003 

OOOOA 

00005 

00006 

00007 

00008 
0<Su09 
COOlO 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00038 

00039 

00040 

00041 

00042 

00043 

00044 


c 

c 

c 


c 

c 

c 

c 

c 


10 


15 


20 


30 


SUdKOUTINE  H AHAI4  (NCO «NCL tNu «N0 1 ’NOE > NSB t VMIN t A VEH • 60 1 L»M) 
PAHAMETEW  NCLASSa20  .NCOMP^-K  1 tNJ  iHa3  7000 
COMMON  C(1:nOIm) 

COMMON  IN0(1:NC0MP) 

real  C 

INTEOEP  INO 

THIS  ROUTINE  MILL  COUNT  THE  NUMdER  of  SEL.  COMMON. 

ANO  compute  the  average  INTEHCLxSS  OISTANCEt  ITS 
STanOAHO  OEVIATIUN  ANO  ITS  MINIMUM  PART. 

NSd  a 0 
00  10  Aai.NCO 

IF  (INO(K)  .NE.  01  NS&aNSU*! 

CONTINUE 
AVER  a 0. 

L a 1 
M a 2 

VMIm  a 1.E26 

00  20  KaNOI.NOE 
AVER  a AVER*C(K)/NO 
J a K»1-NUI 

1 a (J-1)/(NCL-1) *1 
J a J-(NCL-1)»(I-1) 

IF  (J  .6E.  I)  jaj*l 

N0H02  a (NCL-1)*(J-1) ♦I-I*NOI-l 
IF  (J  .GT.  I)  N0R02aNOR02*l 
HMS  a a. 

IF  (C(K)  .EO.  0.  .ANO.  C(NaRU2>  .EO.  0.)  GO  TO  15 
MMS  a 4.*CtK)»C(N0R02)/( (SURT(C(K) )»SQRT(C(N0R02) n**2) 

IF  «VMIN  .LE.  HMS>  GO  TO  20 
VMIN  a HMS 
L a I 

M a J 

CONTINUE 
SO  a 0. 

00  30  laNOItNUE 

60  a SO»( (C(I)-AVEfl)**2)/NU 

SO  a SURT(SO) 

RETURN 

ENO 


COMMON  BLOCKS 

/.COMM./(»110343) 

C *0  INO  *110210 


SUBPROGRAMS  CALLED 


SORT 


XHIS  PAGE  IS  BEST  QUALITY  PRACIICABLl 
JEOU  COPY  EUKNiShEO  TO  UOC 
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P*S4M  SEl.eC3.F0rt  FOrtTrtA.M  V.St'ilS)  /KI  27-JUI.-77  20:09  PAGE  l-l 

SCALARS  ANO  ARRAYS  ••••'  NO  fe'XrtLICIT  OEFINi  T ION  - NOT  REFEHENCED 


•HCO 

1 

•SD 

2 

•NOE 

3 

•K 

4 

•nOI 

5 

•NCL 

6 

•mms 

7 

*M 

10 

•U 

11 

•NS8 

12 

.S0002 

13 

.SOOOl 

14 

.SOQOO 

15 

•AVEH 

lb 

•NO 

17 

•L 

20 

•N0ft02 

21 

•I 

22 

•VMIN 

23 

TEMPORARIES 

.A0016  24  .00000  25  .00001  2b 

param  no  errors  detected 


i 


P.  . 


M4IN.  SELEC3.F0R  FORTrtAI^  V. 5(515)  /Kl  27-JUL-77  20:09 


00001  C 

00002  C 

00003  C 
OOOOA 

00005 

00006 
00007 
00000 

00009 

00010  C 

00011  c 

00012  C 

00013  C 

00014  C 

00015 

00016 
00017 

oooia 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 
00027 
00026 

00029 

00030  SO 

00031 

00032 

00033 

00034 

00035 

00036 

00037 

00036  100 

00039 

00040 


SU6H0UT I N£  U PO A 72  ( NCO  • NO  1 1 nOc  , NCL  t K < L t H 7 ) 

PAMAMETEH  NCLA:»S320 ,NC0HP>91 tNJi M«370U0 

common  C(1:nOIM) 

common  INO)1:NCOmP) 

heal  C 

INTEGER  INO 

THIS  ROUTINE  HILL  COMHUTE  The  LOnTHISUTION  OF  SELECTED 
COMPONENTS.  ONE  STE“  AT  A TIME  (AOOING  ONE  CONTRIdUTION 
EVEHY  time  IT'S  CALLED) 

NC  ■ NC0*(NC0»1) 

NOHO  » (NCL-1) •(«-!) ♦L-l»NOl-l«NO 
IF  (K  .GT.  L)  NOHO«NORO*l 
AT  » AT.2.*C(NuR0) 

00  100  I«1.NC0 

IF  (INO(I)  .EO.  0)  GO  TO  100  ONLY  SEL.  COMP. 

PROO  >0. 

00  SO  jMl.NCO 

IF  (J  .EQ.  I)  GO  TC  50 

IF  (INO(J)  .EQ.  0)  GO  TO  5U  USE  ONLY  SEL.  COMP. 

J1  ■ NC»(K-1) .j 
J2  ■ NC»(L-1)»J 

11  ■ NC* (K-l ) .I^nCQ.J 

12  ■ NC*(L-1) ♦I*nC0.J 

PROO  * PH00*2*(C(Jl)-C(J2) )*(C(1I) *C(I2) ) 

CONTINUE 

J1  » NC*(K-l)*I 

J2  ■ NC*(L-l)*I 

11  « NC*<K-l)*I*(NCO»l) 

12  ■ NC*(L-l)*I*(NCO*l) 

M « N0E*N0*I 

C(M)  ■ C(M).C(N0h0)*(C{J1)-CIJ2) )*(PR00»(C(Il)»C(12) )* 

1 (C(J1)>C(J2) ) ) 

CONTINUE 

return 

ENO 


COMMON  SLOCKS 

/.COMm./(*110343) 

C *0  INO  *110210 


PAGE  1 


SUBPROGRAMS  CALLED 


- 

* * 179 

■ 

ij 

1 

1 

MAIN. 

SELEC3 

.FOH  FORTRAN  V. 5(513)  /KI  27-JUL-77  20:09  PAGE  1 

1 

\ 

i 

OOOOl 

C 

00002 

c 

00003 

c 

00004 

SUBROUTINE  UPOATl (NCO.NOI tNOEfNU.NCLtK.LtWT) 

oooos 

parameter  NCLASS«20tNCOMp«'Yl tNUlMw370U0 

00006 

COMMON  C(1:nUIm) 

...*■>'*.  .V"  ' 

00007 

COMMON  IN0(1:NC0mP) 

00008 

real  C 

V .-.  ■ " 

00009 

INTEGER  INO 

00010 

c 

00011 

c 

THIS  ROUTINE  WILL  CO'^PUTt  The  CUnTHIhOTION  OF  UNSElECTEO 

00012 

c 

COMPONENTS.  ONE  STEP  AT  A TIRE  (AOUING  ONE  CONTRlauTlON 

00013 

c 

EVERY  TIME  IT'S  CALLED) 

00014 

c 

OOOIS 

NC  » NCO»(NCO*l)  1 

00016 

NOHO  » (NCL-l)*(K-n ♦L-I’NuI-I-nO  ! 

00017 

IF  (K  .GT.  L)  nOrO=NORO«1  ] 

oooia 

WT  a WT»2.«C (NORD) 

• 

00019 

DO  100  lal.NCO  ! 

**Sf  • • 

00020 

IF  (INO(I)  .NE.  0)  GO  TO  100  ONLY  UNSEL.  COMP. 

...  * *■; 

00021 

PROO  « 0. 

■'  '-i,-, <■...' 

00022 

00  SO  JaltNCO 

• 7 *'“•  '•  - ' 

00023 

IF  (INO(J)  .EG.  0)  60  TO  30  USE  ONLY  SEL.  COMP. 

* " ■ -"i 

00024 

J1  ■ NC*(K-1) *J 

00025 

J2  ■ NC»(L-1)»J 

00026 

11  ■ NC*(K-l) •I*NCC*J 

00027 

12  » NC*<L-l) •I*NCC»J 

00028 

PROO  » PR00«2*<C(Jl)-C(J2) ) •<C( U) ♦C( 12) ) 

• 

00029 

so 

CONTINUE 

00030 

J1  ■ NC»<K-l) »I  i 

00031 

J2  ■ NC»(L-l) •! 

00032 

11  ■ NCA(K-l)*I*(NCO*'l) 

, 

00033 

12  ■ NC»(L-l)*I»(NCO*l) 

00034 

M ■ NOC*NO*I 

0003S 

C(M)  « C (M) .c (nORO) • (C ( J1 ) -c ( J2) ) • (PROO* (C( ID *C( 12) ) • 

' 

00036 

1 (C(J1)-C(J2) ) ) 

00037 

100 

CONTINUE 

00038 

RETURN 

( 

, 

00039 

ENO 

COMMON 

BLOCKS 

/.COMM. 

/(♦110343) 

c 

*0 

INO  *110210 

SU8PR06flAMS  CALLED 

SCALARS 

ANO  ARRAYS  •••••  NO  EXHLICIT  OEF INI T lOi't  - >•%»  NOT  REFERENCED 

i 

•NCO 

1 

•NOE  2 *K  J WNUI  A ‘NCL  5 

1 

•PROO 

6 

•NORO  7 »J2  10  *M  11  AJl  12 

! 

,80 


] 


UPOATl 

SELEC3.F0R  FORTRAN 

V. 5(515)  /KI 

27-JUL-7r 

20:09 

PA<3E  1-1 

•J 

13  .SOOOl  14 

.SOOOO  15 

•12  16 

•NO 

17 

*c 

20  *11  21 

*I  22 

•NT  23 

•NC 

24 

TEMPORARIES 

upoati 

NO  ERRORS  OETECTEO 

I 


main.  SELECa.FOM  FORTRAN  V.5(51S)  /rtl  27-JUL-77  20:09 


... 


00001 

00002 

00003 

OOOOA 

oooos 

OOOOA 

00007 

00008 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 


c 

c 

c 


c 

c 

c 

c 

s 


10 


subroutine  rack (NCO.NCEiNOEtNOtO) 
parameter  NCUASS^ZO ,NC0MP39l tNJlM«3700a 
COMnON  C(1:noIM> 

COMMON  INO(l:NCOMP) 

REAL  C 
INTESER  INO 

THIS  ROUTINE  RILL  •COMPACTIFY*  The  ARRAY  CONT»  !•£. 
RILL  JUSTIFY  IT  TO  THE  BEGINNlNii 

00  S I>NO£*NO*l>NCE 
C(I)  » 0. 

J a 0 

00  10  laltNCO 

IF  (INO(I)  .EQ.  0)  60  TO  U SKIP  UNSEL.  COMP. 

J a J*1 

K a N0E*N0»J 

C(K1  a I 

CONTINUE 

RETURN 

ENO 


COMMON  Blocks 

/.C0MM./(*110343) 

C *0  INO  *110210 


SUBPROGRAMS  CALLED 


SCALARS 

ANO 

ARRAYS 

EXPLICIT 

definition 

- NOT  REFERENf 

•NCO 

1 

•NOE 

2 

*K 

3 

•NCE  4 •J 

.SOOOl 

6 

.SOOOO  7 

•NO 

10 

.10000  11  •! 

TEMPORARIES 


PACK  NO  ERRORS  OETECTEO 


i 


l8l 


PAGE  1 


3 

12 


r 
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00001 

00002 

00003 

00004 

00005 

00006 

00007 

00008 

00009 

00010 
00011 
00012 

00013 

00014 

00015 

00016 

00017 

00018 

00019 

00020 
00021 
00022 

00023 

00024 

00025 

00026 

00027 

00028 

00029 

00030 

00031 

00032 


c 

c 

c 


c 

c 

c 

c 


10 


SUBROUTINE  TEMP(NCC.NCLtNOi tIf<JtK<NOR01»NOR02tPRU01tPR002) 
parameter  NCLASS320 tNC0Mpx91 fNJlM>37000 
common  C(1:N0IM) 
common  INO(1:nCOmP) 

HEAL  C 
INTEGER  INO 

THIS  ROUTINE  r.^LPS  WITH  TMt  COHPyTATION  OF  COMPONENTS 
CONTRIBUTIONS 

NC  ■ NCO*(NCO*l) 

NOROl  » (NCL-11*(J-1) ♦K-l»NOI-l 
N0R02  » (NCL-1)»(K-1)*J-1«n£<I-1 
IF  (J  .GT.  K)  N0H01«N0H01*1 

IF  (J  .LT.  A)  N0R02>N0H02*l 

PROOl  » 0. 

PR002  ■ 0. 

00  10  LaltNCO 

IF  (INO(L)  .EQ.  0)  60  TO  10  ONUT  SEL.  COMP. 

IF  (L  .EQ.  I)  60  TO  10  SKIP  THIS  INOEX 

11  a MC*<J-1)*l 

12  a NC*(K-1)*L 

Jl  a NC»<J-l) *I*NCO*L 
J2  a NCa(K-l) ‘laNCO^L 
PROOl  a PR00l»2*(C«tl)-C(lE) )»C(J1) 

PR002  a PR002*2«(C(Il)-C(I2) )aC<J2) 

CONTINUE 

RETURN 

ENO 


I COMMON  SLOCKS 

i 

I /.C0MM./(*110343) 

' C *0  INO  *110210 


SUBPROGRAMS  CALLED 


SCALARS 

ANO 

ARRAYS  "•«  NO 

EXPLICIT  definition 

- '•%"  not 

REFEHENCEO 

•NCO 

1 

- •NOROl- 

2 

•K 

3 

•no  I 4 

•NCL 

S 

•J2 

6 

*J1 

7 

•J 

10 

-.^OOOO  11 

•12 

12 

•PR002 

•NC 

13 

20 

•L 

•PROOl 

14 

21 

•11 

IS 

•N0R02  16 

•I 

17 

TEMP 


SELEC3.F0R 


FORTRAN  V.a{51b)  /«! 


27-JUL-77 


20:09  PAGE  1-1 


TEMPORARIES 

TEMP  NO  ERRORS  DETECTED 


I 


1 

1 
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SAMPLE  PROOPAM  printout 


O.  THE  PROBLEM  USED  IS  THE  RAOAR  RETURN  CLASSIFICATION  PROBLEMt 

I.E.t  8 CLASSES*  33  INITIAL  MEASUREMENTS.  THE  CLASSES  ARE  NUMBERED 
FROM  1 TO  a AS  FOLLOWS  i 

1 — CSA  'OALAXY* 

2 — AM-22 

3 — 8737 

4 — TU-22 

5 ~ FBlllA 

6 — MI6-2S 

7 — a4M  tSKYHAWK' 

8 ~ MIG-21 

THE  FIRST  TWO  PAGES  ARE  A PRINTOUT  OF  THE  PROGRAM  SELEC2.F0R 
USED  TO  OBTAIN  A FEATURE  ORDERING.  WEIGHTS  LARGER  THAN  ONE  WERE 
assigned  to  the  DISTANCES  BETWEEN  PAIRED  AIRCRAFT*  AS  SHOWN  IN  THE 
status  PRINTOUT. 

THE  NEXT  16  PAGES  ARE  TWO  PRINTOUTS  OF  THE  PROGRAM  CLASSl.FOR 
I.E.*  CLASSIFICATION  RESULTS.  THE  FIRST  8 PAGES  SHOW  THE  RESULTS 
OBTAINED  WITH  THE  FIRST  26  COMPONENTS  AS  LISTED. ABOVE*  WHILE  THE  NEXT 
a PAGES  SHOW  THE  RESULTS  OBTAINED  WITH  ALL  COMPONENTS. 

THE  CLASSIFICATION  RESULTS  ARE  SHOWN  CLASS  PER  CLASS*  THE  COLUMNS 
LISTING  THE  DISTANCES  FROM  ONE  SAMPLE  IN  THE  CLASS  TO  ALL  CLASSESi  THE 
NUMBER  IN  THE  FIRST  COLUMN  IS  THE  CLASSIFICATION*  I.E.,  THE  NUMBER 
OF  THE  CLASS  TO  WHICH  THE  PATTERN  OF  THIS  LINE  IS  ASSIGNED. 


APPENDIX  D 


SAMPLE  RUNS 
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i 


( 


{ 

i 

I 

t 

\ 

} 


the 

SELECTED 

COHP. 

IS 

• 

25, 

WITH 

A 

CONTP. 

OP 

0.1125E*07 

the 

SELECTED 

COHP. 

IS 

0 

12, 

WITH 

A 

CONTR. 

OF 

0.1625E*08 

THE 

SELECTED 

COHP. 

IS 

# 

3, 

WITH 

A 

CONTH. 

OF 

0.6236E'*08 

the 

SELECTED 

COHP. 

IS 

« 

19, 

WITH 

A 

CONTR. 

OF 

0.217QE«08 

the 

SELECTED 

COHP. 

IS 

0 

8, 

WITH 

A 

CONTR. 

OF 

0.4155E*08 

the 

SELECTED 

COHP. 

IS 

# 

I, 

WITH 

A 

CONTR. 

OF 

0.8343E*08 

the 

SELECTED 

COHP, 

IS 

« 

23, 

WITH 

A 

CONTR. 

OF 

0.1864E*a8 

the 

SELECTED 

COMP. 

IS 

0 

10. 

WITH 

A 

CONTR. 

OF 

0.790SE*08 

THE 

SELECTED 

COHP. 

IS 

« 

21, 

WITH 

A 

CONTR. 

OF 

0.7917E*08 

the 

SELECTED 

COHP. 

IS 

0 

33, 

WITH 

A 

CONTR. 

OF 

o.ia3SE*oa 

The 

SELECTED 

COMP. 

IS 

0 

26, 

WITH 

A 

CONTR. 

OF 

0.1061E*08 

the 

SELECTED 

COMP. 

IS 

0 

4. 

WITH 

A 

CONTR. 

OF 

0.3463E«08 

the 

SELECTED 

COHP. 

IS 

0 

15, 

WITH 

A 

CONTR. 

OF 

0.1318E*0a 

the 

SELECTED 

COMP. 

IS 

0 

30, 

WITH 

A 

CONTR. 

OF 

0.6040E*a8 

THE 

SELECTED 

COMP. 

IS 

0 

13, 

WITH 

A 

CONTR. 

OF 

0.42a8E*08 

THE 

SELECTED 

COHP. 

IS 

0 

28, 

WITH 

A 

CONTR. 

OF 

0.4050E*08 

The 

SELECTED 

COHP. 

IS 

0 

6 , 

WITH 

A 

CONTH. 

OF 

a.22aaE*oa 

the 

SELECTED 

COHP. 

is 

0 

31, 

WITH 

A 

CONTR. 

OF 

o.isosE'Oa 

THE 

SELECTED 

COHP. 

IS 

0 

16. 

WITH 

CONTR. 

OF 

0.2080E*09 

the 

SELECTED 

COHP. 

is 

0 

22, 

WITH 

A 

CONTR. 

OF 

0.18468*13 

THE 

SELECTED 

COHP. 

IS 

0 

11, 

WITH 

A 

CONTR. 

OF 

0.410SE*09 

THE 

SELECTED 

COHP. 

IS 

0 

18, 

WITH 

A 

CONTR, 

OF 

0.2616E*09 

the 

SELECTED 

COHP. 

IS 

0 

5, 

WITH 

A 

CONTR. 

OF 

0.35582*09 

the 

SELECTED 

COMP. 

IS 

0 

T, 

WITH 

A 

CONTR. 

OF 

9.9961E*08 

the 

SELECTED 

COHP. 

IS 

0 

29, 

WITH 

A 

CONTR. 

OF 

0.1333E*09 

THE 

SELECTED 

COHP. 

IS 

0 

24, 

WITH 

A 

CONTR, 

OF 

0.24868*09 

the 

SELECTED 

COHP. 

IS 

0 

14, 

WITH 

A 

CONTR. 

OF 

0.52188*09 

the 

SELECTED 

COHP. 

IS 

0 

27, 

WITH 

A 

CONTR. 

OF 

0.4465E*09 

the 

SELECTED 

COHP. 

IS 

0 

17, 

WITH 

A 

CONTH. 

OF 

0.92168*09 

THE 

SELECTED 

COHP. 

IS 

0 

32, 

WITH 

A 

CONTR. 

OF 

0.6951E*09 

the 

SELECTED 

COHP. 

IS 

0 

20, 

WITH 

A 

COnTR. 

OF 

O.S235E*09 

THE 

SELECTED 

COHP. 

IS 

0 

9. 

WITH 

A 

CONTR. 

OF 

0.34398*10 

The 

SELECTED 

COHP. 

IS 

0 

2, 

WITH 

A 

COnTR. 

OF 

0.3333E*09 

I i 


I I 


I 
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THE  POESENT  status  IS  : 

— HUHPER  of  selected  COHPONEHTS  : 33 

—average  interclass  distance  : 0.999SE*!! 

VITH  A STANDARD  DEV.  OF  : 0.61S<iE*12 

—THE  HINIMUH  HHS  DISTANCE  IS  : 0.A25*e*02 

8CTVEEN  CLASSES  3 AND  S 
—THE  THBESHOLO-TO-AOO  IS  : 0.0000E«00 

THE  THREShOLD-TO-SEJECT  IS  : O.OOOOF..OO 


THE  SELECTED  COHPONENTS  ARE  : 


1. 

2. 

3. 

A. 

5. 

5. 

7. 

a. 

9. 

10. 

a. 

12. 

13. 

lA. 

IS. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2A. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

the  InTERCLaSS  distances  are  : 


FRCH: 

TO: 

DISTANCE: 

HEIGHT: 

FROh: 

to: 

distance: 

height 

I 

2 

0.1165E*03 

10.000 

1 

3 

0.1358E*03 

1.000 

1 

A 

0.9AA1E»02 

1.000 

1 

5 

0.1A31E«03 

1.000 

1 

6 

0.1618£*03 

1.000 

1 

7 

0.1836E»03 

1.000 

1 

a 

0.1887E*03 

1.000 

2 

1 

0.5155E*05 

10.000 

2 

3 

0.2101E*03 

1.000 

2 

A 

a.A08A£«03 

1.000 

2 

5 

0.2726E*03 

1.000 

2 

6 

0.3152E«03 

1.000 

2 

7 

0.389AE*03 

1.000 

2 

a 

0.3976E«03 

1.000 

3 

I 

0.1380E*09 

1.000 

3 

2 

0.139SE»07 

1.000 

3 

A 

0.2789E*07 

20.000 

3 

5 

0.115AE*02 

1.000 

3 

6 

0.9ia0E*02 

1.000 

3 

7 

0.3619E*03 

1.000 

3 

a 

0.A52AE*03 

1.000 

A 

1 

0.3395E*05 

1.000 

A 

2 

0.1160E*0A 

1.000 

A 

3 

0.111A£»03 

20.000 

A 

5 

0.166AE*02 

1.000 

A 

6 

0.1Sa6E*03 

1.000 

A 

7 

0.S982E*03 

1.000 

A 

8 

3.7189E*03 

1.000 

< 

1 

0.2312E*I0 

1.000 

5 

2 

0.1  A5AE*0a 

1.000 

C 

3 

0.6629E«0A 

1.000 

3 

A 

0.3006Ea08 

1.000 

c 

6 

0.2A21E*02 

99.000 

S 

7 

0.13a2E*03 

1.000 

5 

3 

0.1320E*03 

1.000 

8 

1 

0.3137E»10 

1.000 

6 

2 

0.6990E*08 

1.000 

8 

3 

0.1391E«05 

1.000 

6 

A 

0.1699E*09 

1.000 

8 

5 

0.9196E*03 

99.000 

6 

7 

0.2637E'>02 

1.000 

8 

8 

0.1632E*02 

1.000 

7 

1 

0.5aS7E*12 

1.000 

7 

2 

0.728«E*10 

1.000 

7 

3 

0.A721E»07 

1.000 

7 

A 

O.iaSAE*!! 

1.000 

7 

5 

0.32S5E*06 

1.000 

7 

. 6 „ 

0.3S06E*06 

1.000 

7 

8 

0.2788E*02 

99.000 

8 

1 

O.A62AE*13 

1.000 

8 

2 

O.I271E*12 

1.000 

8 

3 

0.85a5E*07 

1.000 

8 

A 

0.2283E*12 

I. 000 

8 

5 

0.6767E»07 

1.000 

8 

6 

0.2a72E*08 

1.000 

8 

7 

0.1362E*03 

99.000 

AD*A058  466 


UNCLASSIFIED 


TENNESSEE  UNIV  KNOXVILLE  DEPT  OF  ELECTRICAL  ENGINEERING  F/G  9/2 
A RECURSIVE  PROCEDURE  FOR  UPDATING  QUADRATIC  FORMS  AND  ITS  APPL— ETC(UI 
JAN  78  R C GONZALEZ*  B M MORET  N000I4-75-C-0545 

0NR-CR215-288-3F 
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CLASsir.; 

CLASS  1 

CLASS  2 

distances  to 

CLASS  3 

classes: 

CLASS  * 

CLASS  5 

CLASS 

6 

CLASS 

7 

CLASS  3 

1 

0.X27E*O2 

o.iaaE*o6 

0.433E*08 

0.3825.05 

0.4322*09 

0.3632* 

10 

0.9*32* 

12 

0.1805*13 

1 

a.X35E*02 

0.143e.06 

O.SS4£*oa 

O.38'*£*05 

0.5622*09 

0.4882* 

10 

0.5922* 

12 

0.1705*13 

1 

0.202E*02 

0.7*32*05 

0.130E*09 

0.3872*05 

0.4662*09 

0.4*82* 

10 

0.5*12* 

12 

0.1265*13 

1 

a.xs6e*a2 

0.124c*00 

0.69«E*03 

0.34»£*05 

0.39*2*09 

0.3232* 

10 

0.1202* 

13 

0. *0*5*13 

1 

0.XSSE«02 

o.xiOc*ao 

0.55ie*03 

0.38X2*05 

0.3732*09 

0.3382* 

10 

0.1932* 

13 

0.3835*13 

1 

0.XSrE»02 

a.9aaE*os 

0.14*2*09 

0.3702*05 

0.5662*09 

0.3612* 

10 

0.6422* 

12 

0.1162*13 

1 

O.XA9E*a2 

0.2742.06 

0.4082*08 

0.40X2*05 

0.4372*09 

0.72*2* 

10 

0.2052* 

13 

0.2692*13 

1 

0.163e*02 

0.3022*06 

0.3972*08 

0.4852*03 

0.5112*09 

0.7772* 

10 

0.2092* 

13 

0.2582*13 

I 

0.3XXe*02 

0.5372*06 

o.x4ae*ia 

0.1182*07 

0.2012*11 

0.9512* 

11 

0.9972* 

13 

0.9892*1* 

1 

0.ASSE*02 

0.X13E*07 

0.1X02*10 

0.38*2*07 

0.6602*10 

0.3*02* 

11 

0.11*2* 

1* 

0.9812*14 

X 

0.292E*02 

0.502E*06 

0.X33E*10 

0.3702*07 

0.1372*11 

0.5692* 

11 

0.9562* 

13 

0.1032*15 

1 

0.323E*02 

a.4X6E*06 

0.7X52*09 

0.4882*05 

0.1062*11 

0.3*92* 

11 

0.2X12* 

1* 

0.4662*1* 

1 

0.3«3E*02 

0 .6X3£*06 

0.10*2*10 

0.6062*05 

0.1562*11 

0.6082* 

11 

0.2802* 

1* 

0.6212*1* 

X 

0.3X0E*02 

0.567E*06 

0.1482*10 

0.4272*07 

0.1632*11 

3.6392* 

11 

0.1122* 

1* 

0.1262*15 

X 

0.395E«02 

0.7232*06 

0.7952*09 

0.2882*07 

0.5632*10 

0.2382* 

11 

0.7332* 

13 

0.5*22*1* 

X 

0.329E*02 

0.53IE*0a 

0.1532*10 

0.1182*07 

0.2112*11 

0.1022* 

12 

0.X02E* 

1* 

0.10*2*15 

1 

0.2A6E*02 

0.1072*07 

0.1562*10 

0.1882.06 

0.1*82*11 

0.7212* 

10 

0.2172* 

1* 

0.2952*1* 

X 

0.267E*02 

O.XS1£*07 

0.1735*10 

0.1*62*06 

0.9812*10 

0.7502* 

10 

0.2*82* 

1* 

0.3912*1* 

X 

0.320E*02 

0.202E*07 

0.275E*10 

0.2282*06 

0.2752*11 

0.13*2* 

U 

o.*ixe* 

1* 

0.5382*1* 

X 

0.3A9E*02 

0.202E*07 

0.176E*10 

0.7022*05 

0.1172*11 

0.1982* 

11 

3.5*32* 

1* 

0.4682*1* 

X 

o.3ase*o2 

O.16*E*07 

0.1435*10 

0.6162*05 

0.9732*10 

0.1522* 

11 

0.4*02* 

1* 

0.4022*1* 

X 

0.262E*02 

0.1682*07 

0.228E*10 

0.1022*06 

0.2352*11 

0.1122* 

11 

0.3*82* 

1* 

0.**6£*l* 

X 

0.362E*02 

0.1932*07 

0.22SE*10 

O.lou2*06 

0.1302*1X 

0.9252* 

10 

0.32X2* 

1* 

0.5032*1* 

X 

0.2*3E*02 

0.8702*06 

0.128E*10 

0.18X5*06 

0.1272*11 

0.6172* 

10 

0.X78E* 

1* 

0.2392*1* 

X 

o.3aoe*o2 

0.4392*06 

0.5*1E*09 

0.X6oE*06 

0.1602*11 

0.6692* 

11 

0.9872* 

13 

0.9*22*1* 

X 

0.3A0E*02 

0.7X42*06 

0.7972*09 

0.6802*05 

0.ia*E*ll 

0.159C* 

12 

0.1022* 

1* 

0.3622*1* 

X 

0.336E*02 

0.457E*fl6 

0.2492*10 

0. 1046*06 

0.2272*11 

0.2162* 

12 

0.X2SE* 

1* 

0.3802*1* 

X 

9.A30E*02 

0.5*82*06 

0.8095*09 

0.2792*07 

0.2192*11 

0.7392* 

11 

0.14XE* 

1* 

0.2X*E*X5 

X 

0.«X6E*02 

0.269E*06 

0.5735*09 

0. 1oj2*07 

0.1262*11 

O.SllE* 

11 

0.8702* 

13 

0.1302*15 

X 

0.3SAE*02 

0.512E*a6 

0.2625*13 

0.1712*06 

0.24*2*11 

0.2392* 

12 

0.X3XE* 

1* 

o.*x*e*x* 

X 

0.293E*a2 

0.750E*06 

0.8465*09 

0.599£*05 

0.1972*11 

0.16*2* 

12 

0.X17E* 

1* 

0.39*E*X* 

1 

o.2eoE*a2 

0.603E*06 

0.6885*09 

0.300£*06 

0.2X72*11 

0.8352* 

11 

0.1312* 

1* 

O.X2S£*XS 

X 

C.X36E*02 

0.56*2*0* 

0.9585*07 

0.13*2*05 

0.5*62*08 

0.1082* 

10 

0.7502* 

12 

0.7**E*12 

X 

Q.XS2e*02 

0.6132*0* 

0.2265*03 

0.18*2*05 

0.15*2*09 

0.2022* 

10 

0.X73E* 

13 

0.16S£*X3 

1 

0.2e9E*02 

0.1002*05 

0.4195*08 

0.1812*05 

0.2*92*09 

0.3152* 

09 

0.1002* 

13 

0.9202*12 

X 

0.219E*02 

0.1012*05 

0.3015*08 

0.1892*05 

0.1202*09 

0.441P* 

09 

0.4792* 

12 

0.10SE*X3 

1 

0.2SaE*92 

0.ia8E*0S 

0.13PE*08 

0.1825*05 

0.1112*09 

0.7202* 

09 

0.7032* 

12 

0.1272*13 

X 

0.2S3e»02 

0.9062*0* 

0.3085*03 

0.1*92*05 

0.3732*09 

0.3152* 

09 

0.1302* 

13 

0.X06E*X3 

X 

0.X3XE*O2 

0.3082*04 

0.1365*08 

0.12*2*05 

0.9142*06 

0.1*12* 

10 

0.1032* 

13 

0.9802*12 

1 

9.126£*02 

0.6a0E*04 

0.1565*08 

0.1272*05, 

0.1012*09 

0.1332* 

10 

0.1282* 

13 

0.1272. 13 

X 

o.xAae*o2 

0.8632*05 

0.1265*09 

0.9262*05 

0.6122*09 

0.1692* 

10 

0.1212* 

13 

0.6*52*13 

X 

9.2X7E*02 

0.7822*05 

0.2005*09 

0.5*72*05 

0.2*02*10 

0.4162* 

10 

0.1992* 

13 

0.6572*13 

X 

0.24aE*02 

0.102E*06 

'>.1315*09 

0.4886*05 

0.6092*09 

0.31S2* 

10 

0.1332* 

13 

0.6672*13 

X 

0.222E*02 

0.1775*06 

0.1335*09 

0.5192*05 

0.1372*10 

0.1032* 

11 

Q.701E* 

13 

0.78X2*13 

X 

0.192E*i]2 

0. 1*7E*06 

0.1*62*09 

0.4292*05 

0.1082*10 

0.6722* 

10 

0.5292* 

13 

0.6052*13 

X 

0.2S4E*02 

0.6665*05 

0.8*22*03 

0.3112*03 

0.5252*09 

0.2262* 

10 

0.6652* 

12 

0.*79£*X3 

X 

0.XS2E*02 

0.44*2*05 

0.1112*09 

0.4*02*05 

0.1*82*10 

0.3072* 

10 

O.ISOE* 

13 

0.*24£*X3 

X 

Q.X54E*02 

0.5972*05 

0.3902*08 

0.6672*05 

0.4522*09 

0.13*2* 

10 

0.8792* 

12 

0.5082*13 

X 

Q.X78EO02 

0.52XE*05 

0.4822*08 

0.1062*05 

0.1152*10 

0.4802* 

09 

0.1232* 

13 

O.XS5E*X3 

X 

Q.X83E*02 

0.S90E*05 

0.273P»09 

0.8862*0* 

0.2522*09 

0.1312* 

10 

0.4372* 

12 

O.X6*E*13 

X 

O.X59E.02 

0.5722*03 

0.64*5*03 

. 0.367£»0*. 

0.1922*10 

0.6*82* 

09 

0.X22E* 

13 

O.X9*e*13 

X 

0.2442*02 

0.6d2E*05 

0.1005*09 

0.2892*05 

0.3*02*09 

0.1*72* 

10 

0.1162* 

13 

0.1095*13 

X 

0.2XXE*02 

0.3292*05 

0.3315*09 

0.2262*05 

0.2922*09 

0.2262* 

10 

0.3012* 

12 

0. *992*12 

X 

O.Xa3E*02 

0.1085*06 

0.1375*09 

0 .*092*0* 

0.1772*19 

0.9*82* 

09 

0.2*52* 

13 

0.3395*13 

X 

0.167E*02 

0.4602*05 

0.1712*08 

0.1262*05 

0.3212*09 

0.1*62* 

10 

0.2*92* 

12 

0.1715.13 

X 

0.190e«02 

0.5232*05 

0.3975*08 

0 .1866*05 

0.1132*10 

0.5612* 

09 

0.1192* 

13 

0.19*5.13 

X 

0.177E*02 

0.57*£-OS 

0.6355*08 

3.1402*05 

0.3892*09 

0,13*2* 

10 

0.8*62* 

12 

0.3915.13 

1 

0.203E*02 

0.3332*05 

0 .6635*08 

0.4966«05 

0.1132*10 

0.2212* 

10 

0.674E* 

12 

0.35*5.13 

X 

0.Xe5E*02 

0.3762*05 

3.6075.08 

a.3Jo£*os 

0.3172*09 

0.a97£« 

09 

0.6012* 

12 

0.3325.13 

X 

9.X89E*02 

0.9302*05 

3.8395.09 

0.1802.05 

3.6502*09 

0.7302* 

10 

0.3772* 

13 

0.4275.13 

1 

0.216C*42 

0.15*2*06 

0.1302*09 

0.2182*05 

0.10*2*10 

0.1012* 

11 

0.6162* 

13 

0.6805.13 

X 

9.ieaE*02 

0.670e*05 

0.1122*09 

0.4oJ2*05 

0.4802*09 

0.1042* 

10 

Q.llOE* 

13 

0.4975.13 

X 

4.20«e*02 

0.*82£*05 

0.112e.09 

a.484£*0S 

0.1502*10 

0.2002* 

10 

0.1272* 

13 

0.3965.13 

X 

0.X48£*02 

0.4S3E*05 

O.S**2*08 

0. 1272.05 

0.3*72*09 

0.1402* 

10 

0.7025* 

12 

0.3585.13 

or  CORRECT  CLASS  IP.  : 6a 
) NUMRER  or  ERRONEOUS  class  IP.  ! 0 

1 rcrcemtaoe  or  success. ••.loo.oqo.ao^ 
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CLaSSIF 

• • 

distances  to 

CLASsc-S: 

CLASS  1 

CLASS  2 

CLASS  3 

class  4 

class  5 

CLASS  6 

CLASS  7 

CLASS  a 

2 

0.a01E*02 

0.1S4E*02 

J.117E.06 

9.93o£.03 

0.292E*07 

a.l0S£*08 

0.2838*10 

0.6606*10 

2 

4.794E*02 

0.17QE*02 

0.121E«06 

0.1 JIE*04 

0.300E*07 

0.9208*07 

0.2678*10 

O.S72£*10 

2 

0.97aE*02 

a.33SE*02 

3.26dE*0tt 

9.741E.03 

0 .5448*07 

0.3378*07 

0.2508*10 

0.5608*10 

2 

a.ai9E*02 

0.334E*02 

0.360£«06 

0.27o£.04 

9.126E*07 

0.2428*08 

0.3868*10 

0.1018*11 

2 

Q.S91E*02 

0.362E*02 

0.51SE*06 

0 .2'jo£*04 

9.ia8E*07 

0.1d4E*08 

0.3708*10 

0.1008*11 

2 

a.ia7E*03 

0.261E*42 

0.20Sr»fl4 

0.9UO£*u3 

4.45a£*07 

0.9998*07 

0.2038*10 

0.4858*10 

2 

a.aoaE<Q2 

0,1M3E*02 

0.113E*06 

0.1 JaE*04 

0.217E*07 

0.903E*07 

0.3258*10 

0.6928*10 

2 

0.aS4E*02 

0.149E«02 

0.136£<^a6 

0.3yo£*a3 

0.335£*07 

a.lOOE*08 

0.2988*10 

0.6658*10 

2 

0.199E*03 

0.41I£*02 

0.364E.07 

0.8218*44 

0.675E*0a 

0.3158*09 

0.3878*11 

0.6808*12 

2 

0.ia6E*03 

a.421E*02 

0.279C»a7 

0.77aE*0<* 

0.344E*0a 

0.454£*09 

0.2168*11 

0.1788*12 

2 

0.ia9E*03 

0.273E»02 

0.60aE*07 

0.6oliE*04 

0.645E*08 

0.6278*09 

0.2818*11 

0.3238*12 

2 

a.iaoE*03 

0.24SE*Q2 

0.233E*07 

4.1*4£*05 

0.aa0E*O8 

0.2788*09 

0.3818*11 

0.4808*12 

2 

l).ie6E*03 

3.331E*02 

0.2S9E-07 

0. la2E  *03 

0.732E*08 

0.2978*09 

0.3968*11 

0.5108*12 

2 

0.iaOE*03 

0.344E*02 

0.749E*07 

0.7a«£*04 

O.T91E*08 

0.7638*09 

0.3388*11 

0.3978*12 

2 

0.157C«03 

0.26«E«02 

0.2‘ir.o7 

0.8T2£*U* 

0.2S3E*08 

0.3206*09 

0.1668*11 

0.1648*12 

2 

0.210E*03 

0.30SE*02 

0.272E*07 

0.a89E*04 

O.S73E*08 

0.2418*09 

0.3008*11 

0.5358*12 

2 

o.3a2E*a2 

0.200E*02 

O.U4E*Q6 

9.2<»7E*03 

0.171E*07 

0.3368*07 

0.3008*10 

0.4498*10 

2 

0.A71E*02 

0.217E*02 

0.134E.06 

0 .2oa£*03 

O.S71£*06 

0.167E.07 

0.4598*10 

0.7738*10 

2 

0.a48E*02 

0.127E*02 

0.112E*06 

0.386£*03 

0.230E*07 

0.1278*07 

0.2888*10 

0.2098*10 

2 

a.S44E*02 

0.22oe»02 

0.1*IE*06 

0. 1*7£*03 

0.530E*06 

0.3578*07 

0.2908*10 

0.2628*10 

2 

O.S62E*Q2 

0.321E*02 

0.396E*06 

0.2J3£*03 

0.213E*07 

0.2058*07 

0.4628*10 

0.6068*10 

2 

0.aS7E*02 

0.i3aE*a2 

0.147£*06 

9.377e*03 

0.290E*07 

0.1668*07 

0.3958*10 

0.3318*10 

2 

0.«45E*a2 

a.l70E*02 

0.832r.05 

0.2T0E*03 

0.4UE*06 

0.1498*07 

0.2868*10 

0.5008*10 

2 

0.373E*Q2 

0.114E*02 

0.429E»0S 

0.222E*43 

0.676E*06 

0.2068*07 

0.2378*10 

0.3448*10 

2 

0.275E*03 

0.34aE*02 

0.a76E*07 

0.14‘*£*05 

0.2a2E*09 

0.9778*09 

0.3248*12 

0.2368*13 

2 

0.196E*03 

0.46aE*02 

0.107E*oa 

0 * 14eE*0S 

4.221E*09 

0.1878*10 

0.2458*12 

0.6408*12 

2 

a.427E«02 

0.375£«02 

0.3726*02 

0*271£*05 

0.270E*09 

0.3048*10 

0.3118*12 

0.6338*12 

2 

0.2a3E*03 

0.2S4£*a2 

0.7*96*07 

0.30'#£»04 

0.192E*09 

0.6088*09 

0.1388*12 

0.2128*13 

2 

a.269E*03 

0.36aE*02 

0.92d£»07 

0.2726*0* 

0.227E*09 

0.7508*09 

0.1578*12 

0.2558*13 

2 

0.62SE*02 

0.360£*a2 

O.347E*0a 

0.2*66*05 

0.2S2E*09 

0.2828*10 

0.2738*12 

0.5808*12 

2 

0.206E*03 

0.42SE*02 

o.aoic*a7 

0*122E*OS 

0.177E*09 

0.1518*10 

0.1818*12 

0.5158*12 

2 

0.277E»03 

0.3S1E*02 

0.a2lE*07 

0.1S2£*0S 

0.274E*09 

0.9778*09 

0.2888*12 

0.2398*13 

2 

Q.393E*02 

0.171E*02 

0.13SE>06 

0.62oE*03 

0.610E*07 

0.7908*07 

0.2748*10 

0.5578*10 

2 

0,96ie»02 

0.283E*02 

0.a7CE«0S 

0.6o3E*03 

0.1158*08 

0.1378*08 

0.4108*10 

0.7088*10 

2 

0.4«9E*02 

0.294£*02 

o.seAE«o6 

0.378E*04 

0.211E*07 

0.3818*08 

0.5198*10 

0.6908*10 

2 

0.«97E*a2 

0.304£*a2 

0.4Sir.06 

0.3j/£*44 

0.1838*07 

0.3058*08 

0.4088*10 

0.5988*10 

2 

0.9a4E*02 

0.354£*02 

0.6S9E»05 

0.7>.o£*03 

0.951E*07 

0.1428*08 

0.3418*10 

0.1498*11 

2 

a.«67E*02 

0.192E*02 

a.l44E*06 

U.7a3E*43 

0.4688*07 

0.7578*07 

0.2298*10 

0.4538*10 

2 

a.S77e*02 

0.23SE*02 

O.I2aE*06 

4 .6<*o£*03 

0.497E*O7 

0.3708*07 

0.2208*10 

0.4438*10 

2 

0.64«E*02 

0.160E«02 

0.37ie*.3S 

0 .4 lo£*03 

0.34aE*06 

0.4058*06 

0.4788*09 

0.1428*10 

2 

0.95SE*02 

0.130E*02 

0.*47E.05 

3.3aa£*43 

0.942E*06 

0.3388*06 

0.2178*10 

0.2348*10 

2 

0.647E*02 

a.l29E*02 

9.3r2E*0S 

0.431£*03 

0.2276*06 

0.3158*06 

0.1018*10 

0.2248*10 

2 

i).a«6E*02 

0.2366*02 

I.AEaE^OS 

0.12N£*a3 

0.2966*06 

0.550£*07 

0.4008*10 

0.3308*10 

2 

9.a««E*02 

0.2506*02 

0.*4aE»OS 

O.Ub£*03 

0.3306*06 

0.6028*07 

0.4338*10 

0.3588*10 

2 

0.612E*02 

0.9«9E*01 

0.443E>OS 

0.3aa£*03 

0.2396*06 

0.4498*06 

0.8528*49 

0.2138*10 

2 

0.S7QE*02 

0.140E>02 

3.3SaE«04 

4.423E*03 

0.6306*06 

0.2808*06 

0.1488*10 

0.1648*10 

2 

0.632E*02 

4.167E*02 

0.4a6E*0S 

4.37oE*03 

0.400E*06 

0.4258*06 

0.4328*09 

0.1378*10 

2 

0.a7SE*02 

0.169E*02 

9.399E«0S 

0.aJ2E*03 

0.443E*06 

0.2218*06 

0.6188*09 

0.7638*09 

2 

0.a09E*02 

0.272E*32 

o.ai7E*as 

0.927E*43 

0.2788*06 

0.4968*06 

0.8618*09 

0.2158*10 

2 

9.973E*02 

a.l32E*02 

0.402E«OS 

4.773E*03 

0.461E*06 

0.4168*06 

0.4978*09 

0.1208*10 

2 

9.101E*03 

().1«0E*02 

a.a!i£*os 

0.S3'>E*43 

0.5338*06 

0.6508*06 

0.9208*09 

0.9308*09 

2 

0.936E*02 

a.l4aE*02 

0.47«E*05 

a.5Al£*03 

0.4038*06 

0.6608*06 

0.632E*49 

0.7038*49 

2 

0.99«E*02 

4.140E*02 

9.443E*aS 

o.ai4e*o3 

9.5868*06 

0.4718*06 

0.6298*09 

0.1478*10 

2 

0.aiaE*02 

4.212E*02 

9.3«1E«9S 

o.a2a£*o3 

0.174E*06 

0.4168*06 

0.3808*09 

0.1358*10 

2 

0.669E«02 

0.ia0E*92 

9.4898*05 

0.827E*03 

0.5828*06 

0.2778*06 

0.8598*49 

0.1038*10 

2 

0.S10E*42 

i).219C*02 

9.997r.05 

4.229£*43 

0.1698*07 

0.6548*08 

0.4118*10 

0.4758*10 

2 

3.S14E*02 

0.2126*02 

0.782r*05 

9.1e7E*43 

0.3538*06 

0.3548*06 

0.2008*10 

0.4178*10 

2 

0.A90E*02 

0.12S£*02 

9.5e6£*0S 

U.  l9'»£*03 

0.9688*06 

0.4398*06 

0.2318*10 

0.2668*10 

2 

a.49SE*02 

0.2276*02 

9. I69£*06 

U.liO£*03 

0.1728*07 

0.6558*06 

0.7108*10 

0.5938*10 

2 

0.492E*a2 

i).2S3E«92 

O.leTE.Oft 

4.943E*o2 

0.1668*07 

0 .6458*06 

0.6998*10 

0.5898*10 

2 

0.*87E*02 

|}.U1E«02 

9.191E*06 

4.113£*03 

0.1666*07 

0 .6id£*06 

4.4458*10 

0.5138*10 

2 

0.4a7E*02 

0.237E.02 

1.9a2£*05 

0.1  J'»£*03 

0 .466E*06 

0.4138*06 

a.271E*10 

0.5278*10 

2 

0.491E*02 

3.194E.02 

3.a3aE*05 

4.  l'«3£*43 

0.1418*07 

0.5368*06 

0.3568*10 

0.4098*10 

— NUMPES 
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ASSIF.:  distances  TO  CLASScS: 


CLASS  1 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  5 

CLASS  6 

CLASS  7 

CLASS  9 

3 

0.6eiE*02 

0.109^*03 

0.1746*02 

0 .9046*03 

0.1256*05 

0.1406*06 

0.4506*09 

0.3526*09 

3 

0.6aSE*02 

J.;07E*Q3 

0.1736*02 

0.3*06*03 

0.1586*05 

0.1696*06 

0.5146*09 

0.4066*09 

3 

3.69SE*02 

0.a4lE*02 

0.2796*02 

0.6396*03 

0.2856*05 

0.1356*05 

0.3226*09 

0.2296*09 

3 

0.S4aE*02 

i).asaE*02 

0.3556*02 

0.6/36*03 

0.11*6*05 

0.3066*04 

0.2056*09 

0.3036*09 

3 

0.S32E*02 

0.8a2E«02 

0.3036*02 

0.606£*<)3 

0.7296*04 

0.3266*04 

0.1426*09 

0.2076*09 

3 

0.692C*02 

a.837E*02 

0.2786*02 

0.61o6*03 

0.2526*05 

0.1276*05 

0.2986*09 

0.2136*09 

3 

0.67SE*02 

0.106e<03 

0.204E*02 

0.5396*03 

0.1696*05 

0.1786*06 

0.5396*09 

0.4256*09 

3 

0.68SE*02 

0.107E*OJ 

0.1526*02 

0.5*26*03 

0.1476*05 

0.1576*06 

0.4846*09 

0.3836*09 

3 

0.749C*02 

0.1«1E*03 

0.2866*02 

0.55*6*03 

0.1076*05 

0.1646*06 

0.3606*08 

0.3676*09 

3 

0.67«E*02 

0.14aE*03 

0.4296*02 

0.6936*03 

0.1486*06 

0.9656*05 

0.7356*08 

0.5276*09 

3 

0.7S4E*02 

a.iAsc*03 

0.3666*02 

0.7726*03 

0.1286*05 

0.1426*06 

0.3926*08 

0.6356*09 

3 

9.9t8E*02 

0.262E«03 

0.3116*02 

0.5436*03 

0.1146*05 

0.1816*06 

0.7566*08 

0.2366*09 

3 

a.a62E*02 

0.2S2E*Q3 

0.4226*02 

0.3806*03 

0.1386*05 

0.2086*06 

0.8686*08 

0.2576*09 

3 

0.742E*02 

a.l40E*03 

0.288E.02 

0.7306*03 

0.1126*05 

0.12AE*06 

0.3426*08 

0.5456*09 

3 

0.7Q3E*02 

0.147E*03 

0.3466*02 

0.7o76*03 

0.1266*06 

0.7416*05 

0.5956*08 

0.4136*09 

3 

0.76«E«02 

0.159E*03 

9.3T*E*02 

0.6846*03 

0.1366*05 

0.2226*06 

0.4286*08 

0.4506*09 

3 

0.498E*02 

0.T98E*02 

0.2676*02 

0.8336*02 

0.7286*04 

0.4386*04 

0.9476*08 

0.1196*09 

3 

0.499C*02 

a.827£*02 

0.2686*02 

0.97*6*02 

0.4886*04 

0.4326*04 

0.1026*09 

0.1786*09 

3 

0.S71E«02 

0.113E*93 

0.3156*02 

0.7806*02 

0.1016*05 

0.4946*04 

0.1296*09 

0.1526*09 

3 

O.S«9E*02 

(].USE*03 

0.2696*02 

0.4606*02 

0.1076*05 

0.5236*04 

0.1496*09 

0.1216*09 

3 

0.SeiE*02 

0.113E*03 

0.2696*02 

0.3036*02 

0.1486*05 

0.6436*04 

0.2046*09 

0.1626*09 

3 

Q.S«IE*02 

0.121E»03 

0.2216*02 

0.5006*02 

0.6566*04 

0.3236*04 

0.9436*08 

0.1096*09 

3 

0.4aiE*02 

0.873E*02 

0.2246*02 

0.3076*02 

0.3516*04 

0.5066*04 

0.6256*08 

0.1226*09 

3 

0.49aE*02 

0.829£*02 

0.2516*02 

0.7226*02 

0.6246*04 

0.3756*04 

0.8716*08 

0.1096*09 

3 

o.6aaE*o2 

0.179E»03 

0.3546*02 

0.3/36*03 

0.3526*03 

0.7006*04 

0.2586*07 

0.2266*08 

3 

0.635E«02 

a.l42E*03 

0.2306*02 

0.3026*03 

0.1976*05 

0.8136*04 

0.5876*07 

0.2866*08 

3 

0.647E*02 

0.145£*03 

0.2956*02 

0.3396*03 

0.3546*03 

0.5766*04 

0.4516*07 

0.4416*08 

3 

«.6aaE*o2 

0.21SS*03 

0.2266*02 

0.2036*03 

0.9626*03 

0.1086*05 

0.2966*07 

0.7646*07 

3 

0.7a9E*02 

0.22SE«03 

0.2906*02 

0.26*6*03 

0.1196*04 

0.1246*05 

0.3576*07 

0.9756*07 

3 

0.636E*02 

0.147E.03 

0.2326*02 

0.2/66*03 

0.3206*03 

0.6236*04 

0.3886*07 

0.4726*08 

3 

0.657E»02 

0.l4«E*a3 

0.3436*02 

0.4*26*03 

0.1936*05 

0.8026*04 

0.5186*07 

0.2166*08 

3 

0.672E*02 

0.17aE*03 

0.2566*02 

0.2076*03 

0.2256*03 

0.9676*04 

0.2616*07 

0.2726*08 

3 

0.499E*02 

0.106E*a3 

0.1096*02 

0*43a£*02 

0.7176*02 

0.2356*03 

0.3506*06 

0.7306*06 

3 

O.S06E*02 

0.1UE*03 

0.1416*02 

0.4926*02 

0.1096*03 

0.2906*03 

0.3296*06 

0.8906*06 

3 

O.S41E*a2 

0.122E*02 

0.2576*02 

0.4946*02 

0.2986*03 

0.6936*03 

0.6866*06 

0.1306*07 

3 

(I.S44E*02 

0,  i4S£«a3 

0.3256*02 

0.8J26*02 

0.2996*03 

0.2156*04 

0.1126*07 

0.1266*07 

3 

a.542E*02 

0.136£«03 

0.29*6*02 

0.0096*02 

0.2956*03 

0.2196*04 

0.1406*07 

0.1366*07 

3 

0.S4SE*02 

i).129E*03 

0.2096*02 

J.3-846*02 

0.1896*03 

0.5836*03 

0.4896*06 

0.1076*07 

3 

0.S90E*02 

0.1096*03 

0.1026*02 

0.3*36*02 

0.7886*02 

0.1926*03 

0.2616*06 

0.8046*06 

3 

0.497E*02 

0.ia6E*03 

0.1156*02 

0.3«/e*02 

0.6756*02 

0.2296*03 

0.5996*06 

0.7976*06 

3 

0.S51E*02 

0,1306*03 

0.1576*02 

0.3326*02 

0.1636*03 

0.2986*03 

0.6196*04 

0.3256*04 

4 

0.S«6E*02 

0.1616*03 

0.2166*02 

0.2156*02 

0.3436*03 

0.1836*03 

0.1596*05 

0.5116*05 

3 

3.S2SE>02 

0.1146.03 

0.1236*02 

0.30-6*02 

0.2076*03 

0. *666*03 

0.3296*05 

0.3976*05 

3 

a.538E*02 

0.1266*03 

0.1506*02 

0.2876*02 

0.1056*03 

0.3496*03 

0.6486*04 

0.2116*05 

3 

0.S31E«02 

0.1206*03 

0.1396*02 

0*2906*02 

0.1026*03 

0.3646.03 

0.4536*04 

0.1736*05 

3 

0.S26E*02 

0.1186*03 

0.1366*02 

0.2/46*02 

0.2016*03 

0.3986*03 

0.3696*05 

0.3506*05 

4 

0.S«8E*02 

0.165E*03 

0.2316*02 

0.21/6*02 

0.3416*03 

0.1726*03 

0.1056*05 

0.4066*05 

3 

0.S9aE*02 

0.1376.03 

0.1536*02 

0.2006*02 

0.1716*03 

0.2676*03 

0.8626*04 

0.3756*04 

3 

0.514E*02 

0.9266*02 

0.1466*02 

0.1/36*02 

0.1236*04 

0.9806*03 

0.2186*08 

0.2436*08 

4 

0.S1IE*02 

0.1216*03 

0.2266*02 

0.1*06*02 

0.6866*03 

0.4226*03 

0.1196*08 

0.2006*08 

3 

0.S06E*()2 

0.9046*02 

0.1256*02 

0.1066*02 

0.1756*04 

0.9676*03 

0.2126*08 

0.2276*08 

4 

0.932E*02 

0.1026*03 

0.1876*02 

0.1366*02 

0.3436*04 

0.1106*04 

0.2876*08 

0.2126*08 

4 

0.939E*02 

0.1056*03 

0.1956*02 

0.1*46*02 

0.3416*04 

0.1256*04 

0.2846*08 

0.2126*08 

3 

0.S04e*O2 

0.8776*02 

0.1606*02 

0.1996*02 

0.1526*04 

0.1056*04 

0.1846*08 

0.1996*08 

4 

a.si2E*a2 

0.1156*03 

0.1956*02 

0.9a3E*01 

0.7926*03 

0.4746*03 

0.1476*08 

0.2426*08 

3 

0.SX9E*02 

0.9536*02 

0.1246*02 

U.loi6*02 

0.8906*03 

0.8816*03 

0.1746*09 

0.1946*08 

3 

0.S80E*02 

0.1386*03 

0.2476*02 

0.4*16*02 

0.9976*03 

0.1346*04 

0.1416*08 

0.3546*08 

3 

0.978E*02 

0.1496*03 

0.2166*02 

0.3396*02 

0.5936*03 

0.7066*04 

0.1096*08 

0.2776*08 

3 

a.503E*02 

0.1096*03 

0.2866*02 

0.4-»*6*02 

0.8476*03 

0.1316*04 

0.1206*08 

0.3376*08 

3 

0.626E*a2 

0.1696*03 

0.2996*02 

0.6ol£*02 

0.9986*03 

0.2016*05 

0.5316*08 

0.4126*08 

3 

0.627E*02 

0.1766*03 

0.2956*02 

0.93/6*02 

3.477F.03 

0.1546*05 

,0.1736*08 

0.2406*08 

3 

0.904E*02 

0.1066*03 

0.2936*02 

0.4946*02 

0.5626*03 

0.3496*04 

0.5786*07 

0.3166*08 

3 

0.S71E*02 

0.1466*03 

0.2076*02 

0.2e0e*02 

0.5726*03 

0.4806*04 

0.1436*08 

0.2546*08 

3 

O.S81E*02 

0.1426*03 

0.2716*02 

0.3056*02 

0.1276*04 

0.0146*03 

0.2176*08 

0.3936*08 

—NUM^Ca  OF  CORRECT  CLaSSIF.  : SS 
NUMRCR  OF  CRFCnCOL'S  class  if,  : 6 

RERCENTASE  of  success  : 90.62S0u 


>»esui.TS  Po»  CLASS  <► 


laSSIP.: 


distances  to  CLASSES: 
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CLASS  1 


0.477E*02 
0.SiaE*02 
a.as7E*02 
a.3S0E*02 
0.3a«E*02 
0.899P*02 
O.A79C*02 
0.A3SE*02 
0.103C*03 
0.933E*02 
0.204E.03 
9.189e*03 
O.I80E*03 
0.199C*03 
0.88SE*02 
0.n2E*03 
0.917E*02 
0.3S6E*02 
0.692E*02 
0.6S7E«02 
0.691E*02 
0.6«9E*O2 
0.398E*02 
0.9S6E*02 
9.1S0E*03 
0.138E*03 
a.l01E*03 
0.I62E*03 
0.18SE*03 
0.979E*02 
0.179C*03 
0.172E*03 
0.S34E*02 
0.937E*02 
0.909E«02 
O.SAA£*02 
0.SASE<02 
0.S09E*02 
0.933E*02 
0.SA0E*02 
0.929E<02 
0.4S9E*02 
0.S26E*02 
O.S66E«02 
O.S78E*02 
0.S3AE*O2 
0.4SOE*02 
a.9oaE*o2 
Q.710E*02 
0.436E*02 
0.9a4E<02 
i).a96E*02 
0. 8919*02 
0.999E*02 
0.491E*02 
0.699E*02 
0.410E*02 
0.670E*02 
0.478£*02 
0.6S7E*02 
0.630E*02 
0.479E*02 
0.692E*02 
0.392E*02 


CLASS  2 


0.584e.03 

0.487E*03 

0.S44E.03 

0.9339*03 

0.902E*03 

0.478E*03 

O.SOOE*03 

0.928E*03 

0.736£*03 

0.884E*04 

0.901E*03 

0.894E*03 

0.693E*03 

0.8S«£*03 

0.a48E*04 

0.889£*03 

0.249E.04 
O.I73C*04 
0.171E*04 
0.306C*04 
0.3S6£*04 
0.128E*04 
0.199E*04 
0.192E*04 
0.444E*04 
0.4789*04 
0.227E*04 
0.S06E*04 
0.3a0E*04 
0.219E*04 
0.4379*04 
0.4299*04 
0.1169*01 
0.123£*03 
0.1099*03 
0 .1349*03 
0.1399*03 
0.1039*03 
0.1149*03 
0.1169*03 
0.2689*03 
0.1939*03 
0.239E*03 
0.2729*03 
0.299E*03 
0.2349*03 
0.179E*03 
0.2169*03 
0.9048*04 
0.992E*04 
0.4279*04 
0.6279*04 
0.7179*04 
0.392E*0» 
0.3919*04 
0.3419*04 
0.5979*04 
0.8819*04 
0.6779*04 
0.1’2E*09 
0.1369*09 
0.6939*0* 
0.8849*0* 
0.7339*0* 


CLASS  3 


0.4299*06 

0.8129*06 

0.2309*07 

0.1799.07 

0.1719*07 

0.2119*07 

0.8089*06 

0.8929*06 

0.2049*08 

.1579*09 

0.9619*07 

0.9309*07 

0.3929*07 

0.8959*07 

0.1549*08 

0.1999*08 

0.9339*07 

0.6779*07 

0.7799*07 

0.9339*07 

0.1039*08 

0.5449.07 

0.7809*07 

0.3149*07 

0.1619*08 

0.1999*08 

0.6069*08 

0.1869*03 

0.1649*03 

0.3969*08 

0.2419*08 

0.1799*08 

0.2739.02 

0.2239*02 

0.1789*02 

0.3029*02 

0.3119*02 

0.1619*02 

0.1839*02 

0.2569*02 

0.1439*07 

0.1199*07 

0.1179*07 

0.1639*07 

0.1559*07 

0.1089*07 

0.1149*07 

0.1099*07 

0.1739*03 

0.1619*08 

0.1339*03 

0.1719*03 

0.1809*08 

0.1429*08 

0.1339*08 

0.1239*08 

0.1809*08 

,0.2719*03 

0.2039*04 

0.8979*07 

0.1119*08 

0.2009*08 

0.2799*08 

0.2079*08 


CLASS  4 


0.1329*02 
0.1039*02 
0.2329*02 
0.2339*02 
0.2309*02 
0.2639*02 
0.1729*02 
0.1<*09*02 
0.3a0c*02 
0.3169*02 
0.3779.02 
0.3759*02 
0.2349*02 
0.3629*02 
0 .3'Jo£*02 
0.4239.02 
0.1o2E*02 
0. 1079.02 
0.2149*02 

0.234£.02 

0.2749.02 

0.2JUE*02 

0.1379.02 

0.2049.02 

0.173£.02 
0.3069*02 
0 .4l«9*02 
0.1369*02 
0.2269*02 
0.3769*02 
0.33eE*02 
0.  lo<iE*02 
0.1009*02 
0.1029*02 
0.1469.02 
0.2149*02 
0.2069*02 
0.1369*02 
0.12u£*02 
0.1279*02 
■j  .23o9*u2 
3.2279*02 
0 .2069*02 
0.2JSe*02 
a.3uje*02 
0.2439*02 
0.2249*02 
0.2309*02 
0.1339*02 
0.1269*02 
0.1379*02 
0.2479*02 
0.33<9*02 
0.1209*02 

0.1339*02 

0.  lou£.02 
0.1  709*02 
,0.2139*02 

'0.1379.02 

0.31oe*02 

0.3509*02 

0.1349.02 

0.2239*02 

0.2249.02 


CLASS  5 


0.1639*06 

0.1479*08 

0.2359*08 

0.1269*06 

0.1219*08 

0.2149*08 

0.1439*08 

0.1449*08 

0.2549*09 

0.3379*09 

0.2429*09 

0.2309*09 

0.2119*09 

0.2329*09 

0.3279*09 

0.2589*09 

0.1069*09 

0.4539*08 

0.9249*08 

0.6249*03 

0.9039*08 

0.6479*03 

0.3249*08 

0.4479*08 

0.5869*09 

0.4469*09 

0.5409*09 

0.6779*09 

0.5869*09 

0.3899*09 

0.3369*09 

0.6429*09 

0.7289*02 

0.6659*02 

0.1499*03 

0.2759*03 

0.2379*03 

0.1429.03 

0.6239*02 
0.7009*02 
0.1679*06 
0.8139*07 
0.1539*08 
0.1669*08 
0.1619*08 
0.1399*08 
0.7759*07 
0.1459*08 
0.1939*09 
0.1079*09 
0.1469*09 
0.1499*09 
0.1569*09 
0.1609*09 
0 .0889*08 
0.1389*09 
0.1209*09 
0.2959*09 
0.1359*09 
0.1229*09 
0.1529*09 
0.1339*09 
0.3059*09 
0.1379*09 


CLASS  6 


0.1189*09 
0.1079*09 
0.3049*08 
0.7149*07 
0.6849*07 
0.2779*08 
0.1059*09 
0.1079*09 
0.2819*10 
0.9279*09 
0.1029*10 
0.2229*10 
0.2139*10 
0.9749*09 
0.3069*09 
0.2779*10 
0.3979*08 
0.2639*08 
0.3399*08 
0.1239*09 
0.1359*09 
0.2359*08 
0.3079*08 
0.3479*08 
3.2279*10 
0.5459*10 
0.6829*10 
0.2629*10 
0.2299*10 
0.6819*10 
0.6639*10 
0.2519*10 
0.1469*03 
0.1169*03 
0.2259*03 
0.2399*04 
0.3619*04 
0.2869*03 
0.1269*03 
0.1309*03 
0.6239*07 
0.4629*07 
0.5049*07 
0.1459*08 
0.1859*08 
0.4659*07 
0.4419*07 
0.4739*07 
0.7389*08 
0.6219*08 
0.5649*08 
0.2289*09 
0.2429*09 
0.6069*08 
0.5159*08 
0.5229*08 
0.7009*08 
0.1159*09 
0.7869*08 
0.60  19*09 
0.1019*10 
0.7769*08 
0.1199*09 
0.8029*08 


CLASS 

7 

0.1829 

12 

0.1679 

12 

0.1489 

12 

0.5709 

11 

0.5519 

11 

0.1409 

12 

0.1639 

12 

0.1659 

12 

0.1299 

12 

0.3039 

12 

0.2149 

12 

0.1929 

12 

0.1699 

12 

0.2059 

12 

0.2939 

12 

0.1309 

12 

0.2609 

12 

0.1769 

12 

0.2339 

12 

0.4829 

12 

0.5229 

12 

0.1649 

12 

0.2069 

12 

0.2379 

12 

0.4409 

12 

0.2499 

12 

0.3219 

12 

0.5099 

12 

0.4909 

12 

0.3199 

12 

0.2989 

12 

0.4909 

12 

0.7369 

06 

0.6409 

06 

0.6079 

06 

0.3179 

07 

0.SO6E 

07 

0.9489 

06 

0.6449 

06 

0.7979 

06 

0.5209 

11 

0.3859 

U 

0.4429 

11 

0.1839 

12 

0.9939 

11 

0.3979 

11 

0.3719 

11 

0.4119 

11 

0.4669 

12 

0.3799 

12 

0.3449 

12 

0.8639 

12 

0.8969 

12 

0.3889 

12 

0.3309 

12 

0.3409 

12 

0.4309 

12 

0.6869 

12 

0.4829 

12 

0.1139 

13 

0.1429 

13 

o.»toe 

12 

0.7139 

12 

0.4819 

12 

CLASS  8 


0.1509*12 

0.1389*12 

0.1219*12 

0.8419.11 

0.8149*11 

0.1149*12 

0.1349*12 

0.1369*12 

0.1219*13 

0.2929*13 

0.3009*13 

0.9869*12 

0.9229*12 

0.2879*13 

0.2439*13 

0.1269*13 

0.3289*12 

0.2619*12 

0.2919*12 

0.4029*12 

0.4379*12 

0.2049*12 

0.3059*12 

0.2999*12 

0.5739*13 

0.1309*13 

0.1549*13 

0.6649*13 

0.9949*13 

0.1989*13 

0.1599*13 

0.6459*13 

0.1929*07 

0.2169*07 

0.2199*07 

0.2719*07 

0.4299*07 

0.3309*07 

0.2239*07 

0.2949*07 

0.6399*11 

0.9869*11 

0.9419.11 

0.8919*1* 

0.8239*11 

0.4879*11 

0.9679*11 

0.9029*11 

0.9899*12 

0.9979*12 

0.4389*12 

0.7229*12 

0.7919*12 

0.4919*12 

0.4409*12 

0.4289*12 

0.6379*12 

0.8749*12 

0.7159*12 

0.9919*12 

0.1199*13 

0.6989*12 

0.9079*12 

0.7129*12 


: 64 

: 0 

100.00000 


NUM6E6  OP  COAPECT  CLASSIP. 

NgwPEP  OP  eppcmeous  class  I' 

PEPCENTaOE  op  SUCCESS 


aesults  i>'or  Class  s 
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CLASSIC.:  DISTANCES  TO  CLASHES: 


CLASS  1 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  5 

CLASS  6 

CLASS  7 

5 

0.4996*02 

0.926£*fl2 

0.1706*03 

0.2a7a*02 

0.1456*02 

0.3266*03 

0.1686*07 

5 

0.4976*02 

0.8926*02 

0.1616*03 

U.34JE*02 

0.1676*02 

0.3766*03 

0.1656*07 

5 

0.5656*02 

0.1226*03 

0.3516*03 

0.4926.02 

0.2856*02 

0.8186*03 

0.9936*06 

5 

0.4936*02 

0.9326*02 

0.2686*03 

0.3106*02 

0.2426*02 

0.3646*03 

0.6426*06 

5 

0.4916*02 

0.9386*02 

0.3466*03 

0.4*36*02 

0.2566*02 

0.3496*03 

9.9256*06 

5 

0.5626*02 

0.1236*03 

0.3656*03 

0.4946*02 

0.2736*02 

0.6306*03 

0.7866*06 

5 

0.4946*02 

0.8836*02 

0.1816*03 

0.3406*02 

0.1736*02 

0.3336*03 

0.2766*07 

5 

0.4996*02 

0.9086*02 

0.1566*03 

0.2806*02 

0.1566*02 

0.8706*03 

0.2546*07 

5 

0.6486*02 

0.1656*03 

0.1916*03 

0.3906*03 

0.3516*02 

0.2396*04 

0.2496*07 

5 

0.5616*02 

0.8066*02 

0.2046*03 

0.3166*03 

0.3066*02 

0.2946*04 

0.1736*07 

5 

0.6856*02 

0.2196*03 

0.1996*03 

0.3006*03 

0.3236*02 

0.1736*04 

0.3006*07 

5 

0.8046*02 

0.2226*03 

0.1256*03 

0.1o3E*03 

0.3496*02 

0.2076*04 

0.7886*07 

5 

0.7896*02 

0.2186*03 

0.1086*03 

0.1036*03 

0.3506*02 

0.1*96*04 

0.5636*07 

5 

0.6966*02 

0.2256*03 

0.1996*03 

0.3176*03 

0.3166*02 

0.1676*04 

0.3036*07 

5 

9.5716*02 

0.7936*02 

0.2436*03 

0.3476*03 

0. *316*02 

0.3836*04 

0.2286*07 

5 

0.6296*02 

0.1646*03 

0.1796*03 

0.3»»6*03 

0.2986*02 

0.1396*04 

0.1516*07 

5 

0.5426*02 

0.1536*03 

0.2216*03 

0.1836*03 

0.1856*02 

0.1386*03 

0.2836*07 

5 

0.5546*02 

0.1106*03 

0.2016*03 

0.1316*03 

0.2206*02 

0.1416*03 

0.2266*07 

5 

0.5876*02 

0.2916*03 

0.2426*03 

0.1366*03 

9.2456*02 

0.1976*03 

0.2376*07 

5 

0.6066*02 

0.1716*03 

0.1976*03 

0.6*16*02 

0.2686*02 

0.1276*03 

0.3366*07 

5 

0.6186*02 

0.1726*03 

0.2486*03 

0.7296*02 

0.2726*02 

0.1746*03 

0.5026*07 

5 

0.5896*02 

0.1996*03 

0.2356*03 

0.1186*03 

0.2336*02 

0.2036*03 

9.2666*07 

5 

0.5476*02 

0.1306*03 

0.3126*03 

0.9616*02 

0.2366*02 

0.1416*03 

9.1366*07 

5 

0.5376*02 

0.1496*03 

0.2616*03 

0.1836*03 

0.2606*02 

0.1676*03 

0.3286*07 

5 

0.7206*02 

0.2626*03 

0.1626*03 

0.3806*03 

0.2466*02 

0.2136*05 

0.6336*07 

5 

0.7456*02 

0.2026*03 

0.3176*03 

0.3226*03 

0.2986*02 

0.4066*05 

0.3036*07 

5 

0.6386*02 

0.1456*03 

0.4206*03 

0.3726*03 

0.3796*02 

0.3886*05 

0.5366*07 

5 

0.7146*02 

0.2576*03 

0.1496*03 

0.3386*03 

0.1836*02 

0.2386*05 

0.6726*07 

5 

0.7166*02 

0.2566*03 

0.1536*03 

0.3886*03 

0.2966*02 

0.2556*05 

0.7446*07 

S 

0.6556*02 

0.1466*03 

0.4896*03 

0.4876*03 

0.4016*02 

0.4096*05 

0.6136*07 

5 

0.7606*02 

0.2086*03 

0.3416*03 

9.3646*03 

0.3546*02 

0.4856*05 

0.3596*07 

5 

0.7206*02 

0.2626*03 

0.1666*03 

0.3416*03 

0.2596*02 

0.2346*05 

0.6526*07 

5 

0.6146*02 

0.1586*03 

0.1586*03 

0.1336*03 

0.1516*02 

0.1796*03 

0.1486*05 

5 

0.6076*02 

0.1606*03 

0.1326*03 

0.1186*03 

0.1656*02 

0.1716*03 

0.1326*05 

■ 

0.5816*92 

0.1476*03 

0.9086*02 

0.1076*03 

0.3136*02 

0.2876*03 

0.6196*05 

5 

0.5766*02 

0.1706*03 

0.1556*03 

0.1486*03 

0.2641*02 

0.6166*03 

9.1036*06 

5 

0.5796*02 

0.1706*03 

0.1606*03 

0.1*66*03 

0.2836*02 

0.6176*03 

0.4986*05 

5 

0.5926*02 

0.1456*03 

0.1126*03 

0.1*46*03 

0.2806*02 

0.3136*03 

0.4406*05 

5 

0.6206*02 

0.1596*03 

0.1766*03 

0.1646*03 

0.1506*02 

0.1756*03 

9.1386*05 

5 

0.6236*02 

0.1586*03 

0.1226*03 

0.1916*03 

0.1666*02 

O.UOE*'): 

0.1376*05 

■ 

0.5786*02 

0.9886*02 

0.1306*03 

0.1  '*6*03 

0.1946*02 

0.1876*03 

0.6156*07 

5 

9.5686*02 

0.1416*03 

0.2326*03 

0.1o26*03 

0.2516*02 

0.1356*03 

0.8406*07 

5 

0.5696*02 

0.8866*02 

0.1566*03 

0.1906*03 

0.1376*02 

0.1316*03 

0.5756*07 

5 

0.5686*02 

0.1026*03 

0.1186*03 

0.9626*02 

0.1726*02 

0.1986*04 

0.1916*08 

5 

0.5876*02 

0.9956*02 

0.1446*03 

0.9316*02 

0.3786*02 

0.3096*04 

0.2776*08 

5 

0.5616*02 

0.8836*02 

0.1496*03 

0.17*6*03 

0.1416*02 

0.1116*03 

0.5676*07 

5 

0.5606*02 

9.1356*03 

0.1826*03 

0.1316*03 

0.2476*02 

0.1386*03 

0.6896*07 

5 

0.5796*02 

0.1016*03 

0.1226*03 

3.1  '16*03 

0.1726*02 

0.2036*03 

0.5116*07 

5 

0.5716*02 

0.1046*03 

0.2946*03 

0.1706*03 

0.1266*02 

0.9646*02 

0.4606*07 

S 

0.5576*02 

0.1486*03 

0.2256*03 

0.1226*03 

0.1686*02 

0.7736*02 

0.4886*07 

5 

0.5576*02 

0.1946*03 

0.2646*03 

0.1386*03 

0.1926*02 

0.1376*03 

0.3436*07 

5 

0.5886*02 

0.1106*03 

0.9856*02 

0.5006*02 

0.2546*02 

0.7866*03 

0.1126*08 

5 

0.5836*02 

0.1056*03 

0.8586*02 

0.5486*02 

9.2026*02 

0.1456*04 

0.1506*08 

5 

0.5596*02 

9.1046*93 

0.3036*03 

0.1*86*03 

0.2126*02 

0.1796*03 

0.3556*07 

5 

0.5566*42 

0.1586*03 

0.2296*03 

0.1186*03 

0.1366*02 

0.8226*02 

0.3756*07 

5 

0.5696*02 

0.1026*03 

0.2906*03 

0.1796*03 

0.1356*02 

0.6576*02 

0.4456*07 

5 

0.6056*02 

0.1806*03 

0.2636*03 

0.2**6*03 

0.1966*02 

0.3486*02 

0.4016*07 

5 

0.6726*02 

9.1426*03 

0.9*76*02 

0.2266*03 

0.1476*02 

0.4386*02 

0.3206*07 

5 

0.6006*02 

0.1816*03 

0.2456*03 

9.23*£«03 

0.1636*02 

0.4846*02 

0.3896*07 

5 

0.6516*02 

0.1896*43 

0.1166*03 

0.1936*03 

0.2886*02 

0.3836*02 

9.8986*07 

5 

0.6526*02 

0.1956*03 

0.1346*03 

J.Ij7£.03 

0.2941.02 

0.4306*02 

0.8936*07 

5 

0.6016*02 

0.1796*03 

0.2386*03 

0.2386*03 

0.1616*02 

0.4396*02 

0.3506*07 

5 

0.6806*02 

0.1356*03 

0.8756*02 

0.2e8C*03 

0.2116*02 

0.4336*02 

0.4176*07 

5 

0.6126*02 

0.1766*03 

0.2736*03 

0.2791.03 

0.2726*02 

0.3236*02 

0.4676*07 

— NUH«69 

06  C09BECT  CLASSIC.  i 

8* 

NUH869 

or  EMAONEOLS 

CLASSir.  : 

0 

m.. 

»6RCe'9TAa6  06  SUCCESS  : 100.000<iU 

— ... 

CLASS  4 


0.133e*07 

a.I33E*07 

0.460C*06 

0.7A«e*06 

a.l04E*07 

9.339E*06 

0.21«E*07 

0.196E*07 

0.226E*08 

0.147E*0a 

o.iase*o8 

o.i44e*oa 

0.991E*07 

0.18SE*Oa 

0.197E*0a 

9.138E*08 

9.267E*97 

9.372E»07 

9.2246*97 

9.212E*97 

9.31S£*97 

9.2S3E*97 

9.2966*97 

9.3136*97 

9.1326*99 

9.2516*98 

9.3386*98 

9.1416*99 

9.1586*99 

0.3666*98 

9.2726*08 

0.1316*09 

0.3436*05 

0.4566*05 

0.9306*05 

0.6546*05 

0.3976*05 

9.8586*05 

0.3776*05 

9.3066*05 

9.8696*97 

0.7976*07 

0.7886*97 

0.1366*98 

0.1976*08 

0.7746*07 

0.6596*07 

0.7266*07 

0.6446*07 

0.4426*07 

0.4806*07 

0.7846*07 

0.1066*08 

0.504e*07 

0.3366*07 

0.6056*07 

0.3826*07 

0.4776*07 

9.3686*07 

0.5106*07 

0.5606*07 

0.3306*07 

0.6096*07 

0.4506*07 


i 


CLASSlf.S 


results  poR  class  s 


distances  to  CLASicS: 


CLASS  1 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  S 

CLASS  6 

CLASS  7 

CLASS  a 

O.SaRE*02 

o.i2ae*o3 

O.S64£*02 

0.6j2£*02 

9.126£*03 

0.ia9E*02 

0.2412*07 

0.1662*07 

0.Se7E*02 

U.139£*03 

0.SS8E*02 

0.6'>aE*02 

O.I4ie*03 

0.171E*02 

0.1762*07 

0.120E*07 

a.608E*02 

0.171E*03 

0.677E*02 

a.s^og.oa 

9.202E*03 

0.275£*02 

0.100E*47 

0.Sa0E*06 

0.567E*02 

0.123E*03 

0.864E*02 

0.ala£*02 

9.72S£»02 

0.236£*02 

0.4782*06 

0.622E*06 

0.S6SE*02 

0.129e<03 

0.712E»02 

0.64«E*02 

0.651£*a2 

0.216£*02 

0.3132*06 

0.409E*06 

a.612E*02 

0.172e.O3 

0.937E»02 

0.5su£*02 

0.242E*03 

0.292£*02 

0.1012*07 

O.S68E*06 

O.S84E*02 

Q.13l£*03 

0.SS3E*02 

U •62l£*02 

0.136£*03 

0^17SE*02 

0.1642*07 

0.112E*07 

a.S87E*a2 

0.127E*03 

a.3S2£*02 

0.663E-42 

O.H7E.03 

0.26S£*02 

0.2702*07 

0.1872*07 

0.S70E*02 

0.l6aE*93 

0.ieiE*03 

O.U4E*a3 

0.I39E*03 

0.29S£*02 

0.2302*06 

0.2202*07 

O.S86E*02 

0.137E<93 

0.18aE>03 

0.12IE*03 

0.1HE*04 

0.308E*02 

0.329E*06 

0.1882*07 

0.S81E*02 

0.ia2E*03 

0.164£*03 

9.8osE*02 

0.97aE*02 

0.304E*02 

0.a91E*03 

0.216E*07 

0.6S1E*02 

0.179£»03 

9.206£*03 

0.1i*E»03 

0.77aE«O3 

0.3742*02 

9.3232*06 

0.1522*07 

0.637E*02 

9.173E.03 

0.223E*03 

9.116£*03 

0.607E*03 

9.311£*02 

0.1722*06 

0.869E*06 

0.58AE*02 

9.1tlOE*03 

<].I66£*93 

0.9suC«02 

0.933£«a2 

0.276£*02 

0.9822*03 

0.2332*07 

0.S8aE*02 

0.139E*03 

0.16aE«Q3 

0.142E*03 

0.130£*04 

0.33aE*02 

0.3612*06 

0.203E*a7 

0.S68E*02 

0.l64£-93 

0.20f)£.03 

0.UdE*03 

9.IT6E*03 

0.333E*02 

0.2712*06 

0.2592*07 

a.56*£*n2 

0.163£*03 

0.369£*02 

0«42aC«42 

9.2S2E«03 

d.ia3E*02 

0.6612*03 

0.1872*07 

0.3SaE«02 

0.150e*03 

U.107E.03 

9.IUl£«03 

0.476E»03 

0.332E*02 

0.597E*05 

0.3612*06 

0.55a£*02 

0.141E»03 

0.120E>03 

0.71<*E*02 

0.340E*a3 

0.3292*02 

0.1702*06 

0.109E*07 

0.S72E*02 

a.l66£*03 

9.706£*02 

0<4s6E*a2 

0.237E*03 

0.1742*02 

0.7062*03 

0.1962*07 

0.580E*02 

0.1T8£*03 

0.84IE*02 

0.6/3£«02 

0.343E*03 

0.477E*02 

0.16aE*06 

0.4482*07 

0.S56E*02 

0.141E.O3 

0.128E*03 

0.7dlE*02 

9.334E*03 

0.3132*02 

0.1312*06 

0.965E*06 

0.599E*02 

0.1S2E*03 

0.108E*03 

0.979e*02 

0.466E*03 

0.286E*02 

0.5412*03 

0.4942*06 

0.S69E*02 

9.U4£*03 

0.6*8£*02 

9. 4272. 02 

0.230E*03 

0.1312*02 

0.6942*05 

0.189E*07 

0.S92E*02 

0.192E*93 

9. 2U£. 93 

9.1S1E«03 

0.191E*02 

0.1892*02 

0.1362*07 

0.118E*07 

0.637E*a2 

0.16*£»03 

9.317E*02 

O.I23£*03 

0.318E*02 

0.233E*02 

0.4aiE«06 

0.6582*06 

0.591E*02 

0,I93£‘03 

0.198E*03 

O.iauE^OS 

9.292E*02 

0.1662*02 

0.1342*07 

0.1172*07 

0.616E*02 

0.199£«03 

0.116E*03 

0.llsE*03 

0.a49E*02 

0.2262*02 

0.156E*07 

0.8802*06 

0.615E*02 

0.206£*03 

0.X4*£»O3 

9.936£*02 

0.109E*03 

0.3132*02 

0.1262*07 

0.6882*06 

O.S90E*02 

0.l93E*a3 

0.173E»03 

0.1a3£*03 

a.379E*02 

0.186E*02 

0.7342*06 

0.617E*06 

0.63«C*02 

a.l64£«93 

0.766£*02 

0.lJiE«03 

0.29SE*02 

0.2962*02 

0.4922*06 

0.6662*06 

O.Sa9E*02 

0.196E»03 

0.202E*03 

0.lJu£>03 

0.222E*02 

0.1632*02 

0.908E*06 

0.737E*06 

0.717E*02 

0.16SE*03 

0.3*8£*93 

U.Sa2E*d3 

0.327E*02 

0.942E*01 

0.3202*02 

0.1162*03 

a.7UE*02 

0.l6S£«a3 

9.322E*03 

0.5s2E*03 

9.3442*02 

a.961E*ai 

0.455E*02 

0.102E*03 

0.706E*02 

0.164C«03 

9.297e.93 

0.3J9e»03 

0.S38E*02 

0.1432*02 

0.S42E*02 

0.a65E*92 

0.677E»02 

0.163E*03 

0.392E*03 

0 .5o"*E*03 

0 .a04E*02 

0.3052*02 

0.1762*03 

0.d9QE*02 

0.671E*a2 

0.161£*03 

9.373E*03 

0.57I£*03 

0.a28E*02 

9.2862*02 

0.1832*03 

0.127E*03 

0.708E*02 

0.165£*03 

0.3a3E*03 

0.Ssl£»03 

0.3272*02 

0.1472*02 

0.4922*02 

0.7652*02 

0.7a9E*02 

0.166E*03 

0.316£*03 

0.34S£«03 

0.559£*02 

9.1082*02 

0.4492*02 

0.114e*03 

0.713E*02 

a.lS5E*0J 

0.32SE*03 

d.5Sl£*03 

0.S40E*42 

9.9862*01 

0.5192*02 

0.1262*03 

0.622E*02 

0.178E*03 

0.270E*03 

0.336£*a3 

9.263E*a2 

0.1432*02 

0.1432*07 

0.1252*07 

0.686E*02 

9.124£>a3 

0.941E.Q2 

0.336£«43 

0.32aE*U2 

0.280E*02 

9.132E*07 

0.1802*07 

0.630E*02 

0.179£*03 

0.267E»03 

0.362£«43 

0.26JE*02 

a.l52E*02 

0.142E*07 

0.1252*07 

a.669E*02 

4.18aE*i)3 

0.109£*03 

0,228£»03 

0.aaaE*42 

9.301E*02 

0.2162*07 

0.1212*07 

9.67SE*02 

0.184E«03 

0.127E.03 

9«2oe£*Q3 

9.429C*02 

0.2242*02 

0.2712*07 

0.1362*07 

0.629E*02 

3.177E*03 

0.2e9E*03 

9.3a6£*aj 

0.20dE*02 

0.130E*02 

0.1872*07 

0.1672*07 

0.686E*02 

4.128E*03 

0.934E*02 

0.33s£.03 

0.409E*02 

0.2262*02 

0.103E*07 

0.1432*07 

0.627E*02 

9.I74£.03 

o.2a4£*a3 

0.3alE*03 

0.229E*42 

0.118E*02 

0.148E*07 

0.127E*07 

0.611E*02 

9.l66E*03 

0.317E.<)3 

9.3jsE«43 

O.I09E*03 

0.169E*92 

0.801E*07 

0.7742*07 

0.674E*02 

9.97*£*02 

9.182R*93 

9.372£*Q3 

0.101E*03 

0.299E*02 

0.775E*07 

O.110E*Oa 

0.6aaE*02 

0.1S9£*03 

0.293E*03 

9.33oE*03 

9.1UE*03 

0.2382*02 

0.983E*07 

0.933E*07 

9.708E*02 

0.I76E*93 

0.U7E.O3 

9.1'»«e*03 

0.377E*03 

0.290E*02 

0.1722*08 

0.113E*08 

0.712E*02 

0.178£»03 

Q.131E*03 

0.21vE*03 

0.3a4E*43 

0.317E*02 

0.167E*oa 

0.1112*08 

0.606E*02 

9.1S9£*93 

0.2a3E*03 

0.3JS£*03 

0.647E*02 

0.220E*02 

0.887E*07 

0.8252*07 

0.a63E*02 

a.l01E*03 

a.lASE*03 

0.34'»E»03 

a.699E*02 

9.272E*02 

0.6042*07 

0.8842*07 

0.618E»02 

i}.162£«03 

0.332E*03 

0.37b£*03 

0.292E*03 

0.324E*02 

0.9802*07 

0.9792*07 

0.6a9E*a2 

9.170£«93 

9.286£*03 

0.31aE*03 

0.447E*02 

0.160E*02 

0.662E*07 

0.623E*07 

0.669E*02 

0.104£.03 

0.138£«03 

0.32dE*03 

O.U4E*03 

9.237E*02 

0.328E*07 

0.7092*07 

O.S97f02 

0.163E«43 

9.278£>a3 

9.3u6£*03 

9.273E*02 

9.212E*02 

9.610E*07 

0.559E*07 

0.707E*02 

9.:91£«03 

9.136£*03 

9.1  J»E»03 

0.I33E*03 

0.2842*02 

9.8212*07 

0.477E*07 

0.730E«02 

9.ia6£>03 

9.l*i£*03 

9.1s7E»03 

9.190C*03 

0.3302*02 

0.143E*08 

0.d67E*07 

9.600E*a2 

d.l62E*93 

0.2d3r*03 

4.31a£*03 

0.343E*02 

0.1892*02 

0.677E*07 

0.628E*07 

0.679E*02 

9.193E*93 

0.1*7E*03 

O.SoUE^OS 

0.I22E*03 

0.3032*02 

0.677E*07 

0.917E*07 

9.«16E*02 

9.168E«93 

9.332E*a3 

9.3a2E*03 

0.808E*02 

0.227E*02 

0.948E*07 

0.9062*07 

..ntUMER  or  CORRECT  CLASSIF.  : 63 
nUMRER  or  ERRONEOUS  CLASSir.  : 1 

rercentaoe  or  success  4«.«3rso 


RESULTS  FOR  CLASS  T 


CLASSIF.:  OiSTAACES  TO  CLASaCS: 


CLASS  1 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  3 

CLASS  6 

CLASS  7 

7 

o.aia£*o2 

0.143E*03 

0.1559*03 

0.3099*03 

0.4169*02 

0.il3E*O3 

0.2789*32 

7 

a.aiaE*02 

0.144C*03 

0.154F,.03 

U.3o2C*03 

0.7829*02 

0.111E*O3 

0.1399*02 

7 

Q.637E«02 

0.160E*03 

0.20ie*03 

0.3379*03 

0.7949*02 

0.9119*02 

0.2099*02 

7 

0.a!5E«02 

3.147E.02 

0.1*4£*03 

0 * 3469*03 

0.3419*02 

0.4299*02 

0.172E*02 

7 

0.a57E.02 

0.147E*03 

3.1->0E*03 

0.3409*03 

0.6089*02 

0.4979*02 

0.1879*02 

7 

o.a3ae*o2 

0.161E*03 

0.200E.03 

0.3»oE*03 

0.4349*02 

0.1059*03 

0.221E*02 

7 

a.aiaE*02 

o.i44e*o3 

0.ieiE*03 

0.3o79*03 

0.41S£*02 

0,1149*03 

0.1549*02 

7 

0.a2IE*02 

a.l43E*03 

9.164E.03 

0.3439*03 

0.795E*02 

0.1109*03 

0.1569*02 

7 

0.a30E«02 

0.162£*03 

0.2139*03 

0.3009*03 

0.7739*02 

0.8399*02 

0.2969*02 

7 

9.a39£*02 

0.148E*03 

0.232E.03 

0.2'»6e*03 

0.920E*02 

0.4489*02 

0.3039*02 

7 

9.a29E*02 

0.162E*03 

0.213E*03 

Q.30d9*03 

0.778E*02 

0.1279*03 

0.3069*02 

7 

0.a42£*02 

0.1olE*03 

0.279E*03 

0.317E*03 

a.778E*02 

0.1139*03 

0.3509*02 

7 

0.a33E*92 

d.l59E*93 

Q.266E*03 

0.246e*03 

0.7349*02 

0.9729*02 

0.2949*02 

7 

9.a36E*92 

0.160E*03 

0.2309*03 

0.3339*03 

a.660E*02 

0.1039*03 

0.2919*02 

7 

0.a4SE*92 

9.143E*03 

0.261E*03 

0.3339*03 

0.931E*02 

0.5389*02 

0.3349*02 

7 

0.9366*02 

0.162E*03 

0.2349*03 

0.3309*03 

0.7049*02 

0.9669*02 

0.3239*02 

7 

0.aa6E*02 

0.16a£*03 

0.1809*03 

0.4459*03 

0.1049*03 

0.1369*03 

0.2819*02 

7 

0.6e9E*02 

O.X45£*a3 

0.20aF*03 

0.4039*03 

0.8679*02 

0.8089*02 

0.4869*02 

7 

o.aa9E*02 

0.l75e»03 

0.1779*03 

0**359*03 

0.1169*03 

0.1309*03 

0.2619*02 

7 

0.6a3E*02 

0.I6eE*03 

0.2609*03 

0.4379*03 

0.8909*02 

0.1139*03 

0.4469*02 

7 

0.6aiE*02 

a.l66F.03 

0.2799*03 

0.4*49*03 

0.4279*02 

0.9669*02 

0.1869*02 

7 

0.a72E*92 

0.174£*fl3 

0.1699*03 

0.4*49*03 

0.107E*03 

0.1159*03 

0.2149*02 

7 

o.ae4£*o2 

0.I47C.93 

0.1969.03 

0.4*49*03 

0.7169*02 

0.3919*02 

0.2289*02 

7 

0.a73E*92 

9.169E*03 

9.  l'i6E*03 

0.44*9*03 

0.9419*02 

0.1149*03 

0.2959*02 

7 

0.79aE*02 

0.1S9E*03 

0.41SE*03 

0.6419*03 

0.5219*02 

0.2369*02 

0.1209*02 

7 

0.708E*02 

0.1SeE*03 

0.40aE*03 

0.6439*03 

0.3209*02 

0.2319*02 

0.1099*02 

7 

0.70aE*02 

0.1SeE*03 

0.393E.03 

0.6*49*03 

0.4839*02 

0.2169*02 

0.1169*02 

6 

0.709E*02 

i).19aE*03 

0.360E.03 

0.6469*03 

0.457E*02 

0.1389*02 

0.2869*02 

6 

0.709E*02 

O.I58E*OJ 

0.3659*03 

0.6*79*03 

0.4349*02 

0.1299*02 

0.2679*02 

7 

0.709E*02 

0.1SaE*03 

0.4039*03 

0.6459*03 

0.5099*02 

0.2149*02 

0.1299*02 

7 

0.709E*02 

9.1S8C*93 

0.400E.03 

0.6549*03 

0.*82E*02 

0.1999*02 

0.8479*01 

7 

0.70SE*02 

0.1SaE*03 

0.3479*03 

0.6*59*03 

0.4999*02 

0.2439*02 

0.1009*02 

7 

0.a41E*02 

a.l80£*0J 

0.247E.03 

0.2049*03 

0.7829*02 

0.2939*03 

0.3069*02 

7 

o.aa2E*«2 

0.166E*03 

0.3109*03 

0.2709*03 

0.2199*03 

0.3379*03 

0.3279*02 

7 

0.S99e*02 

o.i37e*a3 

0.1449*03 

0.2549*03 

0.1239*03 

0.5169*03 

0.3949*02 

7 

0.999E*92 

9.165£*03 

0.1429*03 

0.2119*03 

0.1169*03 

0.2339*03 

0.4939*02 

7 

0.ai3E*92 

Ci.172E.93 

0.2SaE*03 

0.2*39*03 

0.1169*03 

0.2269*03 

0.3719*02 

7 

O.S92E*02 

9.t3a£*93 

0.1dS9*03 

0.2339*03 

0.1319*03 

0.5539*03 

0.4729*02 

7 

9.aaiF*o2 

9.iaaE*03 

0.2939*03 

0.2549*03 

0.2159*03 

0.3439*03 

0.3569*02 

7 

9.a43E*02 

9.179E.03 

0.24SE.03 

0.2109*03 

0.7439*02 

0.2349*03 

0.3699*02 

a 

9.700e*02 

0.163E.03 

0.2819.03 

O.S1.>9*03 

0.5069*02 

0.1339*02 

0.3249*02 

a 

0.a98E*02 

0.16Se*03 

0.2579*03 

0.3049*03 

0.5*89*02 

0.131E*02 

0.2039*02 

a 

0.701E*02 

0.164e*03 

0.2759*03 

0.50*9*03 

0.3729*02 

0.1279*02 

0.2079*02 

7 

o.aaiE*o2 

3.1S9E.03 

9.3349.03 

0.S2<iE*03 

0.9269*02 

0.3119*02 

0.2969*02 

7 

0.6a4E*92 

a.iS9e*03 

0.345E.03 

0.5359*03 

0.9649*02 

9.5609*02 

0.2369*02 

a 

0.700C*02 

0.164E*03 

0.2749*03 

0.50j9*03 

0.56*9*02 

9.1149*02 

0.2489*02 

a 

9.704e.02 

0.16SE*03 

0.2629*03 

0.3359*03 

0.4899*02 

0.1209*02 

0.1889*02 

a 

0.a93C*02 

0.  lRa£*03 

0.2549*03 

0.4419*03 

0.3639*02 

9.1539*02 

0.2349*02 

7 

o.aaoE*o2 

0.170E*03 

0.2179*03 

0.4079*03 

0.7939*02 

0.6149*02 

0.2149*02 

7 

0.6a8E*02 

0.1S7C*03 

0.2049*03 

0.4«4<£*03 

0.37*9*02 

0.3079*02 

0.1539*02 

7 

0.a71E*02 

o.ia4e*a3 

0.1429*03 

0.4409*03 

0.7789*02 

0.9039*02 

0.1779*02 

7 

o.aa3E*02 

4.iaae*93 

0.2659*03 

0.4449*03 

0.8129*02 

0.7aiE*02 

0.1789*02 

7 

o.asaE*92 

9.ia7E*93 

0.274E.03 

0.4519*03 

0.4589*02 

0.408E*02 

0.1889*02 

7 

9.a79E*92 

9.iaSE*03 

0.1499*03 

0.4/29*03 

0,7599*02 

0.8249*02 

0.1669*02 

7 

a.aa8E*02 

0.193E*03 

0.210E.03 

0.4*2E*03 

0.6059*02 

0.4739*02 

0.1859*02 

7 

0.a79E*02 

9.171E.03 

0.2049*03 

0.45*9*03 

0.4649*02 

0.6389*02 

0.2029*02 

7 

0.a83E*02 

9.1639*03 

0.2249*03 

0.4479*03 

0.5979*02 

0.2929*02 

0.1089*02 

7 

0.a79E*92 

9.197E*03 

0.1449*03 

0.40*9*03 

0.4909*02 

0.1679*02 

0.1579*02 

7 

0.a78E*02 

0.163E*03 

0.213E.03 

0.4509*03 

0.6019*02 

0.3139*02 

0.1189*02 

7 

0.a96E*02 

').160e*03 

0.2789*03 

0.4/09*03 

0.7229*02 

0.9iaE*02 

0.1059*02 

7 

o.a9aE*o2 

9.160E*03 

9.2859*03 

0.47»9.o3 

0.6909*02 

0.4329*02 

0.2269*02 

7 

0.683E*02 

0.1639*43 

3.231E*03 

0.4749*03 

0.5609*02 

0.2849*02 

0.1219*92 

7 

9.aa2E*02 

9.1S6e.03 

0.2109*03 

0.4529*03 

0.4699*02 

0.1649*02 

0.1179*02 

7 

o.aa2E*02 

0.162E*03 

9.227E*03 

0**449*03 

0.3969*02 

•3.3179*02 

0.1059*02 

— NUMRER  OF  CORRECT  CLASSIF.  : S« 
NUMRER  OF  ERRONEOUS  CLASSIF.  : d 
RERCEnTaOE  of  success  ! dT.SOOdU 


I9U 

CLASS  a 


0.A17E*02 

0.2a6E*02 

O.A32E*02 

O.A<)3E*02 

0.SR2E>02 

O.AAaE*02 

0.3T3e«02 

a.4UE*02 

0.10SE*03 

0.nSE*02 

0.1SaE*03 

0.ia«£*03 

0.78AE*02 

0.699E*02 

0.209E*03 

0.173E»03 

0.926E*02 

0.15aE*03 

0.AAaE*02 

0.7A5E*02 

0.S06E*02 

0.A0SE*02 

0.509E*a2 

0.6«SE*02 

0.S10E*02 

0.397C.02 

0.319E*02 

9.208E*02 

0.233E*02 

0.330E*02 

0.306E*02 

O.A8Ae*02 

O.U7E*OS 

0.2SaE*04 

0.I20E*04 

0.473e*0« 

0.173E*0S 

0.258E*04 

0.27Ae.04 

0.926E*04 

0.122E>03 

0.U7C*O3 

0.149€»03 

a.403E<d3 

a.329E*03 

0.131E*<)3 

0.9»3E«'02 

9.127C*03 

o.a34e*o2 

0.108E*03 

a.992E*02 

0.302E*02 

0.323E*02 

0.993E*02 

0.aS9E*02 

0.T37E»02 

0.690E*02 

0.749£*92 

0.9«9E*02 

0.3aS£*02 

0.93aE«02 

0.77»E*02 

O.S3lE*Q2 

9.70SE*Q2 


N XESULTS  for  class  a 
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CLASS I r. : 

oistaaces  to 

CLASSES: 

CLASS  I 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  9 

CLASS  6 

CLASS  7 

CLASS  8 

a 

Q.62AE*02 

0.14aE«03 

0.ia2E«93 

0.3'»Te*03 

0.903E.02 

0.8806*02 

0.5226*02 

0.2026*02 

a 

0.629E*02 

0.149E.03 

a.l95E*03 

0.4loE»03 

0.8526.02 

0.7646*02 

0.5926*02 

0.2326*02 

a 

0.6S6E*02 

0.162E*03 

0.2UE*03 

0<3oaE*u3 

0.063E.02 

0.8566*02 

0.3236*02 

0.2466*02 

a 

0.64aE*02 

0.1S3E<03 

0.lA9E*03 

0.37JE*u3 

0.593E.02 

0.4046*02 

0.3916*02 

0.3076*02 

a 

0.4««£*02 

0.1S3E*9J 

9.1*0E*03 

0.3e3E*03 

0.371E.02 

0.3776*02 

0.4166*02 

0.2516*02 

a 

0.6A3E*02 

9.U2E*03 

0.229E*03 

0«3'*3£*03 

a.836E.02 

0.8706*02 

0.5576*02 

0.2556*02 

a 

a.a26E'>02 

«.1*7E*03 

0.ia7E*03 

0.4J9E*03 

0.916E.02 

0.8976*02 

0.6036*02 

0.1946*02 

a 

0.62SE*02 

0.l4aE«03 

0.ie4E.03 

0.4v)6E*03 

0.909E.02 

0.8666*02 

0.6686*02 

0.2166*02 

7 

0.6«7E«02 

9.163E*93 

9.2a6E*03 

0.3<>4£*03 

0.607E.02 

0.6296*02 

0.2396*02 

0.3886*02 

a 

0.6«0E*02 

9.1SOE*03 

0.302E*03 

0.377E.03 

3.754E.02 

0.4466*02 

0.3756*02 

0.3616*02 

a 

0.6A2E*02 

0.lSaE*93 

0.2A9E*03 

0«3Se£*03 

O.S72E.02 

0.7336*02 

0.4786*02 

0.2776*02 

a 

0.6S«E*02 

9<161E*03 

0.333E>93 

0.37iE*Q3 

0.682E.02 

0.9016*02 

0.3776*02 

0.3006*02 

a 

0.65AE*02 

3.162£«93 

0.32eE*03 

0.375E.03 

0.609E.02 

0.7886*02 

0.3166*02 

0.2816*02 

a 

0.639E*02 

O.IS7E*03 

9.246E.03 

0.347e»03 

0.613E.02 

0.7976*02 

0.8086*02 

0.3436*02 

7 

0.6S1E*02 

9.1S9E«03 

0.2e6E*03 

0.344£.o3 

0.787E.02 

0.4196*02 

0.3526*02 

0.3766*02 

7 

9.6A2E*42 

9.162E*93 

9.249E>03 

O.SSiE^OS 

0.685E.02 

0.5706*02 

0.2496*02 

0.3566*02 

a 

0.677E*02 

0.179E*93 

0.ia9r*03 

0.4J^»E«03 

0.123E.03 

0.1146*03 

0.3386*02 

0.2676*02 

7 

0.a96E*02 

9< 154£*C3 

0.219£*03 

0.430E«03 

0.7316.02 

0.5356*02 

0.2426*02 

0.2536*02 

8 

0.«77E*02 

9.174E*93 

0.186E*03 

O.A^JE.OS 

0.117E.03 

0.1166*03 

0.2956*02 

0.2086*02 

8 

0.6:3E*02 

0.171E.93 

0.297E.03 

0.4jaE*03 

0.977E.02 

0.9696*02 

0.8816*02 

0.2596*02 

a 

0.659E*02 

0.171E.93 

0.313E«93 ■ 

d.43e£.03 

0.*61E.02 

0.1006*03 

0.9566*02 

0.2426*02 

a 

0.6aOE*02 

9.17SE*93 

0.191'*03 

0.4..7E.03 

0.113E.03 

0.9626*02 

0.3906*02 

0.2276*02 

a 

0.699E*02 

0.1S9E*03 

U.21!E*03 

0.44eC*a3 

0.8076.02 

0.6056*02 

0.3026*02 

0.2016*02 

a 

0.679E*02 

9.17A£*03 

0.191E*03 

0.4»1£*03 

0.123E.03 

0.1096*03 

0.4316*02 

0.2196*02 

a 

0.6a9E*02 

9.16aE*03 

0.401E*03 

0«4aS£»03 

0.306E.02 

0.6906*02 

0.9186*02 

0.3066*02 

a 

0.6a3E*02 

9.161E*93 

9.409E*03 

9 •4oaE*93 

0.769E.02 

0.9426*02 

0.3986*02 

0.2806*02 

a 

0.4a2E*02 

9.1A9E»93 

0.349E*03 

0.4T6E.03 

0.494E.02 

0.1216*03 

0.1176*03 

0.4676*02 

a 

9.671E*02 

0.163E«93 

a.343E*03 

0.4i*S£*03 

0.3966.02 

0.4716*02 

0.2786*02 

0.2096*02 

a 

0.663E*02 

0.l93E*03 

0.340E*93 

0.4*ve*fl3 

0.4216.02 

0.6186*02 

0.3496*02 

0.3336*02 

a 

0.661E*02 

4.lAaE*93 

0.339E*a3 

0.49lE.d3 

0.501E.02 

0.1096*03 

0.1786*03 

0.3736*02 

7 

0.697E*02 

0.163E*a3 

0.42SE*03 

0.51>jE*03 

0. 7436*02 

0.7606*02 

0.3586*02 

0.4506*02 

S 

0.677E*02 

0.167E*93 

0.3e3E*03 

0.4JSE*03 

0.3046*02 

0.8286*02 

0.1216*03 

0.3636*02 

8 

0.736E*02 

0.162E*93 

9.S99E*03 

0.7e«E«03 

0.5666.02 

0.1946*02 

0.2176*02 

0.1056*02 

a 

0.739E*02 

0.162E>03 

0.512E*03 

0.7746.03 

0.5546*02 

0.1906*02 

0.2276*02 

0.9946*01 

a 

0.73aE*02 

9.163E*03 

a.51SE*03 

0.7706.03 

0.3526*02 

0.2506*02 

0.3196*02 

0.1386*02 

a 

0.74aE*02 

0.163E*03 

9.S23E*93 

0.77o£.03 

0.3536*02 

0.2196*02 

0.3726*02 

0.1216*02 

a 

0.737C»02 

0.162E*93 

O.S09E*03 

0.7546.03 

0.5386*02 

0.1926*02 

0.3636*02 

0.1396*02 

a 

0.7a1E*02 

a.l63E*03 

0.516E*93 

0.7  726*03 

0.3296*02 

0.254£*02 

0.3296*02 

0.2176*02 

a 

0.73«E*02 

9.162E*03 

0.S03E*03 

3.7eoe.03 

0.3406*02 

0.1756*02 

0.2256*02 

0.9246*01 

a 

0.73aE*02 

9.162E«93 

0.S13E«03 

0.7756.03 

0.3656*02 

0.1976*02 

0.2226*02 

0.1176*02 

a 

0.702E«02 

a.l76E*93 

0.247E*93 

0.S4RE.O3 

0.7836*02 

0.6956*02 

0.3056*02 

0.2266*02 

a 

0.718E*02 

0.1S6E*93 

0.2T9E*03 

0.3376.03 

0.8706*02 

0.7306*02 

0.4876*02 

0.2616*02 

a 

0.702E*02 

9.176E*93 

0.2i2£«03 

0.5476.03 

0.8086*02 

0.7076*02 

0.2616*02 

0.1166*02 

a 

0.6a4E«02 

0.17*E*93 

9.3a2E*93 

0.531E.03 

0.9816*02 

0.1216*03 

0.4326*02 

0.1916*02 

a 

a.674£»02 

0.ir5£*93 

9.360E*03 

0.3i»£»03 

0.1096*03 

0.1326*03 

0.3766*02 

0.2156*02 

a 

0.7a6E*02 

o.i7ae.o3 

0.277E.93 

O.SoRE.OS 

0.7366*02 

0.6216*02 

0.2796*02 

0.1196*02 

a 

a.729E*02 

9.1SAE.03 

9.303E*93 

. 0.9716.03 

0.8996*02 

0.8246*02 

0.4836*02 

0.1556*02 

a 

0.708E*02 

0.176E.03 

0.2SIE*03 

3.Sal6.03 

0.7196*02 

0.6596*02 

0.3236*02  ' 

' 0.1586*02 

a 

0.a9lE*02 

9.170E.03 

0.260E*03 

O.SrOE. 03 

0.3146*02 

0.4336*02 

0.1766*03 

0.3116*02 

a 

0.70aE*02 

0.1S3E«93 

0.26S£*03 

0.5J2S.03 

0.5466*02 

0.3256*02 

0.9146*02 

0.2336*02 

a 

0.«92E*02 

9.169E*93 

0.2S9E*03 

0.9296.03 

0.4876*02 

0.3766*02 

0.8046*02 

0.2346*02 

a 

0.A83E*02 

0.168E*93 

0.339E*03 

0.9446.03 

0.8036*02 

0.6676*02 

0.3326*03 

0.4466*02 

a 

o.aa4E*o2 

0.l6«e*93 

0.352E*43 

0.9046.03 

0.7666*02 

0.3436*02 

0.9826*02 

0.2106*02 

a 

0.d97E.02 

9.169E*93 

0.278E. 03 

O.SoiE.OS 

0.4616*02 

0.3206*02 

0.1546*03 

0.2546*02 

a 

0.7iaE*02 

9.lSA£.fl3 

0.273E*03 

0.5416.03 

0.5196*02 

0.3006*02 

0.1066*03 

0.2876*02 

a 

a.497£*02 

9.169E.93 

9.27ae*93 

0.543E.03 

0.4626*02 

0.2916*02 

0.5516*02 

0.2286*02 

a 

0.72AE»02 

9.1S6E*93 

0.301E*O3 

0.9006.03 

0.7796*02 

0.6756*02 

0.5036*02 

0.1816*02 

a 

0.700E*02 

9.175E.03 

0.29eC*03 

U.5J06.03 

0.8046*02 

0.5876*02 

0.3156*02 

0.1956*02 

a 

0.7iaE*92 

3.157E»03 

a.279C*03 

0.3446.03 

0.6916*02 

0.4436*02 

0.4036*02 

9.1496*02 

a 

O.MAE'OE 

9.153E*03 

0.32aE*93 

0.9«5£.03 

0.1226*03 

0.5786*02 

0.2076*03 

0.2946*02 

a 

0.65aE*02 

0.1S*E*03 

0.309E*03 

0.So»6.03 

0.1266*03 

0.6336*02 

0.1696*03 

0.2406*02 

a 

0.719£*02 

0.1S6E«a3 

0.273E*93 

0.34i£.03 

0.7836*02 

0.6046*02 

0.5296*02 

0.1586*02 

a 

0.a99e*02 

9.174E<93 

0.299E*03 

0.93*6.03 

0.7986*02 

0.6996*02 

0.2736*02 

0.1286*02 

a 

9.718E*02 

9.1S7E»03 

0.274E*03 

0. 9396. 03 

0.7216*02 

0.5546*02 

0.4706*02 

0.1496*02 

••NUM0Elt 

or  CORRECT  1 

CLASSir.  : 

bo 

number 

or  ERRONEOUS  CLASSIC.  : 

b 

RCRceNTAac  or  success  <»o.62s<iu 


SeSULTS  FOP  CLASS  I 
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CLASSIF.: 

oistaaces  to 

CLASSES: 

CLASS  X 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  3 

CLASS  6 

CLASS  7 

CLASS  a ! 

1 

o.x!ae«o2 

0.3a9E*06 

o.as2£«oa 

a.920E*0S 

0.2382*10 

0.8482*10 

0.2782*13 

0.8732*13 

X 

0.2XSe*02 

9.3X9E*06 

9.X92E*09 

O.Xi»E*06 

0.2612*10 

0.1012*11 

0.1872*13 

0.1472*14 

I 

0.2XSe*02 

9.S70E*a6 

9.4fteE*09 

0.2972*06 

0.4632*10 

0.4242*11 

0.4582*13 

0.7772*13 

1 

a.249e*02 

0.200E«0a 

9.X07F.09 

0.XX9E*06 

0.1662*10 

0.1032*11 

0.2512*13 

0.1092*14 

1 

4.2a7£*02 

0 . X76c*06 

9.9£3E*0a 

O.X2iE*06 

0.1702*10 

0.1042*11 

0.2312*13 

0.9672*13 

X 

a.2«7e*02 

9.693E*06 

0.4ftSE>09 

0.3962*06 

0.5712*10 

0.3922*11 

0.4302*13 

0.8992*13 

X 

0.X7Xe*02 

9.S99E*0e 

o.x2ae*o9 

0.9762*05 

0.3202*10 

O.X4S2*XX 

0.6752*13 

0.4082*13 

X 

0.23aE*02 

0.992E*06 

0.994E*0a 

0.10X2*06 

0.2*12*10 

o.xas£*xx 

0.5622*13 

0.8952*13 

X 

0.422E*02 

9.34aE*07 

0.X20E*XX 

0.2322*07 

0.1992*12 

0.3752*12 

0.2092*15 

0.2062*15 

X 

0.6X9e*02 

U.S20E*07 

0.429E*X0 

0.17X2*08 

0.3372*12 

0.23X2*13 

0.2282*15 

0.7052*15 

X 

0.339E*02 

0.399E*97 

O.S94E*XO 

0.1902*08 

0.7252*11 

0.7302*12 

0.1952*15 

0.4272*15 

X 

0.3a2E*02 

9.3X6e»07 

0.36Xe*X0 

0.2T3E*07 

0.12X2*12 

0.6482*12 

0.5932*14 

0.1542*15 

X 

0.44*E*02 

0.477E*97 

O.Sa9E<XO 

0.3772*07 

0.1632*12 

0.10X2*13 

0.7392*14 

0.2022*15 

X 

0.394E*02 

0.470E»07 

0.672E»X0 

O.X76£*08 

0.9152*11 

0.9462*12 

0.1222*15 

0.5612*15 

X 

0.604E*02 

9.303E»07 

9.239E*X0 

0.1X92*08 

0.224£*X2 

O.X38£*X3 

0.1612*15 

0.3752*15 

X 

0.42SE«02 

0.342E*97 

0.X2SE»X1 

0.2262*07 

0.2072*12 

0.3972*12 

0.2172*15 

0.2162*15 

X 

0.363E*02 

9.269e»07 

0.257C«X0 

0.2042*07 

0.311£*XX 

0.1352*12 

0.7212*14 

0.6002*14 

X 

a.392E*02 

9.23ae»07 

0.494E«X0 

0*1902*07 

O.SX9£*XX 

0.236£*X1 

0.8522*14 

0.8542*14 

X 

0.3a4E*02 

0.392E*97 

0.72XE*X0 

0.1X92*07 

0.1022*12 

0.3292*11 

0.1112*15 

0.1032*15 

X 

0.399E*02 

0.920e*97 

0.X03E*XX 

0.1782*07 

0.4482*11 

0.2332*12 

0.1942*15 

0.2242*15 

X 

0.3S6E*02 

0.a37E»97 

0.9S7E*X0 

0.X7oE*07 

0.4072*11 

0.2742*12 

0.1742*15 

0.2472*15 

X 

0.299E*02 

0.292E*07 

9.6X4E*X0 

0.9702*06 

0.8682*11 

0.2752*11 

0.9862*14 

0.9252*14  I 

X 

0.4S2E*02 

0.340E*07 

0.S49E*10 

0.XobE*07 

0.6X3£*XX 

0.3XX2*IX 

0.9612*14 

0.9752*14  r 

X 

0.302E«02 

0.23XE«97 

0.226E*X0 

0.1922*07 

0.273£*XX 

0.X262*12 

0.6842*14 

0.5572*14 

X 

0.4a6E*02 

9.244e*97 

0.X20E*XX 

0.7292*06 

0.10X2*12 

0.1252*13 

0.1082*15 

0.1042*16 

X 

0.393e*02 

0.334E*07 

O.XX2e*XX 

0.4002*06 

0.7832*11 

0.9602*12 

0.5982*14 

0.8752*14  ; 

X 

0.49XE*02 

v).9SXe*97 

O.X9XE«XX 

0.7092*06 

O.XXS2*X2 

0. 1X52*13 

0.6222*14 

0.1082*15 

X 

0.S7aE*02 

o.3a9e«07 

0.127e.XX 

0.8342*07 

0.2X32*12 

0.2442*13 

0.1262*15 

0.1492*16 

X 

0.SS0E*02 

0.2X9e*07 

0.747E*X0 

0.SuUE*07 

O.XX42.xa 

0.1372*13 

0.7282*14 

0.8672*15 

X 

0.493E*02 

9.xo7e*9a 

9.209E«XX 

0.8902*06 

0.1X22*12 

0.1202*13 

0.7132*14 

0.1072*15 

X 

0.3aaE*02 

0.3S7£*07 

9.XX3E«XX 

0.4732*06 

0.8232*11 

0.9892.12 

0.5862*14 

0.9162*14  ! 

X 

0.4S2E*02 

0.329e*07 

O.X90E*XX 

0.1262*07 

0.1392*12 

0.1652*13 

0.1362*15 

0.1312*16  1 

X 

0.23XE*02 

9.XX0E*0S 

o.2Xse«oa 

0.7952*05 

0.4042*09 

0.4302*10 

0.2052*13 

0.1332*13 

X 

a.2a9E*02 

9.X76e*0S 

0.8492*08 

0.99X2*05 

0.6X02*09 

0.1022*11 

0.4762*13 

0.3012*13 

X 

0.336E*02 

0.3X9E*95 

0.X22E*09 

0.6992*05 

0.2632*10 

0.6332*10 

0.2782*13 

0.2012*13 

X 

0.323E*02 

9.444e.0S 

o.343e*oa 

0.5672*05 

0.9142*09 

0.4602*10 

0.1552*13 

0.1982*13  ; 

X 

i).39SE*02 

o.44oe«os 

0.302E*Oa 

0.6662*05 

0.92X2*09 

0.6952*10 

0.1772*13 

0.2752*13  ! 

X 

a.3xae*02 

0.20SE*0S 

0.154E.09 

0.5932*05 

O.XaS2*X3 

0.1022*10 

0.3132*13 

0.1512*13  1 

X 

Q.X7SE*02 

o.x2«e*os 

U.43SE*oa 

0.1032*06 

0.4602*09 

0.7032*10 

0.3112*13 

0.1722*13 

X 

0.X4aE*O2 

9.X46e»OS 

0.3222*08 

O.X  J'*2*06 

0.5332*09 

0.9102*10 

0.3572*13 

0.2402*13 

X 

0.28aE*02 

0.232E*a6 

a.3XftE*09 

0.9X22*06 

0.1X02*XX 

0.1152*12 

0.2942*14 

0.3682*14 

X 

0.339E*02 

9.22Xe*0a 

0.8792*99 

0.1672*06 

o.xao2*xx 

0.1592*11 

0.1752*14 

0.1482*14 

X 

0.27aE*02 

0.229E*9e 

3.69ftE*09 

0.2962*06 

0.8912*10 

0.1882*11 

0.1632*14 

0.1232*14  1 

X 

iJ.34aE«02 

0.XX9E*07 

9.17«E*10 

0.3462*07 

0.X3a2*XX 

0.2592*12 

0.5002*14 

0.1382*15 

X 

0.292E*02 

0.9S7E*06 

0.143£*X0 

0.2*62*07 

O.X2X£*XX 

0.2212*12 

0.4002*14 

0.1152*15  1 

X 

0.279E*02 

9.X49E*96 

9.47XE*99 

0.2072*06 

0.6072*10 

0.1372*11 

0.1182*14 

0.9172*13 

X 

0.249E*02 

o.X37e*oe 

9.9SaE*99 

0.1252*06 

0.XX9e*XX 

0.1142*11 

0.1142*14 

0.9572*13  ' 

X 

0.24ae*02 

O.X9aE*9« 

0.23SE*09 

0.66*2*06 

0.9X42*10 

0.9212*11 

0.1622*14 

0.2982*14  ; 

X 

0.292E*02 

9.x39e*oe 

O.X29E*09 

0.9722*05 

0.4292*10 

0.7622*10 

0.2302*13 

0.4562*13  1 

X 

0.29aE«02 

9.XX9E*9« 

0.9722*08 

0*44*2*05 

0.19X2*10 

0.3572*10 

0.1622*13 

0.2382*13 

X 

0.277E»02 

9.9aX£*9S 

O.X37E*09 

0.3792*05 

0.2332*10 

0.2892*10 

0.2012*13 

0.2922*13 

X 

0.302E*02 

9«3X6c*06 

0.3e2£*09 

0.67ue*06 

0.7532*10 

0.3612*11 

0.3492*13 

0.1262*14  ! 

X 

a.272E*02 

9.  XSaE*0« 

0. 2942*09 

0.77*2*06 

0.6342*10 

0.5212*11 

0.4052*13 

0.1792*14  ■ 

X 

0.29aE*02 

9.X72E*06 

a.279E*09 

0.4252*05 

0.4222*10 

0.3752*10 

0.3892*13 

0.4042*13  ; 

X 

0.290E*02 

9.9S6e>QS 

U.ft39E*0a 

0.3222*05 

0.2602*10 

0.3652*10 

0.1552*13 

0.2342*13 

X 

a.309E*02 

9.X3aE*06 

O.X39E*09 

0.1492*06 

0.5562*10 

0.1612*11 

0.3522*13 

0.8062*13 

X 

a.236E«02 

O.XX9e*96 

0.2302*09 

0.6*42*03 

0.2662*10 

0.1292*11 

0.5172*13 

0.6992*13  j 

X 

0.307E*02 

9.X34E*0a 

0.X772*09 

0. 1692*06 

0.4192*10 

0.1722*11 

0.3022*13 

0.1542*14  I 

X 

9.292e*02 

0.842E*0S 

9.1492*09 

0.2*12*06 

0.6342*10 

0.6042*11 

0.9222*13 

0.2002*14 

X 

0.343E*02 

9.547E*0t 

9.6ft42*09 

0.2*22*06 

0.1892*10 

0.6132*11 

0.8602*13 

0.l44£.14 

X 

0.390E*02 

9 •6*0E*06 

0.9792.09 

0 .394£*06 

0.3782*10 

0.9062*11 

0.1382*14 

0.2392*14 

X 

0.224E*02 

9 • X **82  ♦Oft 

0.2292*09 

0.3962*06 

0.8552*10 

0.8492*11 

0.1312*14 

0.2742*14 

X 

0.274E*02 

U.XS9E*0ft 

9.2392*09 

0.1*22*06 

0.4802*10 

0.2012*11 

0.4482*13 

0.1472*14 

X 

9.22Xe*02 

9.934E*0S 

0.238E*09 

0.69*2*05 

0.2822*10 

0.1242*11 

0.5712*13 

0.6672*13 

--4UNPEP 

OF  CORHECT  CLASSIF. 

64 

OF  EPRONEOUS 

CLASSIF.  : 

0 

FCPccNTAac  OF  success  : loo.ooouu 
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197 


uASSIF 

CLASS  1 

CLASS  2 

DISTANCES  TO 
CLASS  3 

CLASStS; 
CLASS  4 

CLASS  5 

CLASS  6 

CLASS 

7 

CLASS  a 

2 

O.ISSE'OS 

0.1706*02 

0.1066*07 

0.2116*04 

0.2216*08 

0.8766*08 

0.1186 

12 

0.1116*12 

2 

a.l93E*03 

0.2166*02 

0.9146*06 

0.2^76*04 

0.2016*08 

0.7876*08 

0.1106 

12 

0.99.6*11 

2 

(I.317E*03 

0.4366*02 

0.3726*07 

0.2516*04 

0.7436*08 

0.4086*09 

0.2416 

12 

0.1746*12 

2 

0.107E*03 

0.4936*02 

0.4566*07 

0.62*>e*04 

0.3996*08 

0.7616*09 

0.8476 

11 

0.7136*12 

2 

a.U2E*03 

0.4276*02 

0.4746*07 

0.SR4£.04 

0.3866*08 

0.6756*09 

0.8936 

11 

0.6736*12 

2 

0.3S6E*03 

0.3416*02 

0.2926*07 

0.21'‘€*04 

0.5686*08 

0.3071*09 

0.1766 

12 

0.1356*12 

2 

0.190E*03 

0.2366*02 

0.8736*06 

0.28UE*0<» 

0.1856*08 

0.6006*08 

0.1016 

12 

0.8236*11 

2 

0.2096*03 

0.2076*02 

0.1246*07 

0.1^76*04 

0.2506*08 

0.1096*09 

0.1326 

12 

0.1206*12 

2 

0.7126*03 

0.9226*02 

0.2946*03 

0.1676*05 

0.2926*09 

0.2986*10 

0.2286 

12 

0.3146*13 

2 

0.1106*04 

0.9616*02 

0.3776*08 

0.2586*05 

0.3696*09 

0.3616*10 

0.3696 

12 

0.4026*12 

2 

0.901E*03 

0.3066*02 

0.4496*08 

0.1256*05 

0.3396*09 

0.2586*10 

0.4296 

12 

0.5776*12 

2 

0.4996*03 

0.4006*02 

0.4336*08 

0.2-*ae*05 

0.2296*09 

0.3326*10 

0.3416 

12 

0.4*76*13 

2 

0.4066*03 

0.4636*02 

0.4646*08 

O.a^cE'OS 

0.2486*09 

0.3366*10 

0.3S4E 

12 

0.4766*13 

2 

0.9036*03 

0.3826*02 

0.9986*08 

0.1*IE*05 

0.4236*09 

0.3216*10 

0.5206 

12 

0.7186*12 

2 

0.1106*04 

0.5466*02 

0.3076*08 

0.3u3e*0S 

0.3576*09 

0.2996*10 

0.3216 

12 

0.3916*12 

2 

0.7436*03 

0.3806*02 

0.2946*08 

0.1966*05 

0.2016*09 

0.2536*10 

O.iaSE 

12 

0.2966*13 

2 

0.9216*02 

0.3306*02 

0 .2396*06 

0.9*O6*03 

0.5986*07 

0.1406*08 

0.3146 

11 

0.2876*11 

2 

0.1376*03 

0.2746*02 

0.3976*06 

0.64o6*03 

0.6736*07 

0.1656*08 

0.2836 

11 

0.2036*11 

2 

0.2796*03 

0.2496*02 

0.6736*06 

0.1026*04 

0.1546*08 

0.2286*08 

0.4166 

11 

0.1906*11 

2 

0.1996*03 

0.2716*02 

0.6496*06 

0.8116*03 

0.6186*07 

0.7266*08 

0.1396 

11 

0.9086*11 

2 

0.1886*03 

0.3966*02 

0.1896*07 

0.1126*04 

0.1326*08 

0.8326*08 

0.3436 

11 

0.1386*12 

2 

0.2896*93 

0.2396*02 

0.8066*06 

0.1016*04 

0.1876*08 

0.2086*08 

0.4576 

11 

0.2126*11 

2 

0.1246*03 

0.2096*02 

0.2326*06 

0.4996*03 

0.3906*07 

0.1086*08 

0.2166 

11 

0.1406*11 

2 

0.8436*02 

0.2526*02 

0.1066*04 

0.7'»36*03 

0.3086*07 

0.5526*07 

0.1976 

11 

0.1846*11 

2 

0.8496*03 

0.9496*02 

0.8416*08 

0.2ul6*0b 

0.1626*10 

0.1146*11 

0.1316 

13 

0.9426*13 

2 

0.9036*03 

0.9706*02 

0.7726*08 

0.3296*05 

0.6856*09 

0.6236*10 

0.1246 

13 

0.2916*13 

2 

0.6496*03 

0.9086*02 

0.1366*09 

0.2276*06 

0.2546*10 

0.1366*11 

0.2506 

13 

0.6836*13 

2 

0.6616*93 

0.4416*02 

0.4996*08 

0.6666*04 

0.1376*10 

0.9876*10 

0.8216 

12 

0.7716*13 

2 

0.6996*03 

0.4806*02 

0.9986*08 

0.6376*04 

0.1626*10 

0.1226*11 

0.9986 

12 

0.9396*13 

2 

0.6076*03 

0.4896*02 

0.1296*09 

0.1886*06 

0.2366*10 

0.1246*11 

0.2056 

13 

0.9626*13 

2 

0.9996*03 

0.9416*02 

0.6246*08 

0.3346*05 

0.5306*09 

0.4826*10 

0.9816 

12 

0.2726*13 

2 

0.8236*03 

0.4866*02 

0.9736*08 

0 .2356*05 

0.1516*10 

0.1306*11 

0.1336 

13 

0.1146*14 

2 

0.2996*03 

0.1746*02 

0.3926*07 

0.2536*04 

0.7456*08 

0.2226*09 

0.3216 

12 

0.2506*12 

2 

0.3106*03 

0 . 1866*02 

0.4*76*07 

0.2926*04 

0.8316*08 

0.2486*09 

0.3926 

12 

0.2896*12 

2 

0.2606*03 

0.3356*02 

0.9996*07 

0.6226*04 

0.1726*09 

0.7356*09 

0.4666 

12 

0.3756*12 

2 

0.2126*03 

0.4146*02 

0.1446*08 

0.  l<*9C*flS 

0.1456*09 

0.2326*10 

0.2586 

12 

0.1886*13 

2 

0.2386*03 

0.3446*02 

0.1126*08 

0.1376*05 

0.1146*09 

0.1806*10 

0.2106 

12 

0.1546*13 

2 

0.2636*03 

0.4366*02 

0.5466*07 

0.7316*04 

0.1786*09 

0.9526*09 

0.5166 

12 

0.4386*12 

2 

0.3336*03 

0.2986*02 

0.4206*07 

0.2976*0* 

0.7266*08 

0.2216*09 

0.3096 

12 

0.2546*12 

2 

0.2696*03 

0.3106*02 

0.3186*07 

0.2666*04 

0.6046*08 

0.1896*09 

0.2646 

12 

0.1996*12 

2 

0.1926*03 

0.2776*02 

0.4996*09 

0.76JE*03 

0.U9E*07 

0.2506*07 

0.2156 

10 

0.4056*10 

2 

0.1346*03 

0.2466*02 

0.8226*09 

0.6146*03 

0.2126*07 

0.1116*07 

0.3296 

10 

0.2906*10 

2 

0.2396*03 

0.2276*02 

0.9816*05 

0.7266*03 

0.1286*07 

0.2216*07 

0.2436 

10 

0.3146*10 

2 

0.3016*03 

0.2736*02 

0.9086*05 

0. *756*03 

0.1316*07 

0.1896*08 

0.1236 

11 

0.6536*10 

2 

0.3046*03 

0.2886*02 

0.9916*05 

0. *726*03 

0.1386*07 

0.2006*08 

0.1326 

11 

0.7006*10 

2 

0.2266*03 

0.1896*02 

0.7426*05 

0.6*o£*03 

0.1756*07 

0.2436*07 

0.2376 

10 

0.3066*10 

2 

0.1396*03 

0.2736*02 

0.6116*09 

0.67o£*03 

0.1616*07 

0.7036*06 

0.2156 

10 

0.1986*10 

2 

0.1486*03 

0.2796*02 

0.7626*09 

0.7916*03 

0.1386*07 

0.2766*07 

0.2076 

10 

0.4166*10 

2 

0.2116*03 

0.2926*02 

0.8956*09 

0.15Se*0* 

0.8466*06 

0.7946*06 

0.1646 

10 

0.2356*10 

2 

0.2966*03 

0.3246*02 

0.1196*06 

0.1886*04 

0.1506*07 

0.6666*07 

0.2996 

10 

0.4896*10 

2 

0.1496*03 

0.2926*02 

0.1096*06 

0*1*96*04 

0.1346*07 

0.4296*07 

0.2016 

10 

0.4946*10 

2 

0.2996*03 

0.3236*02 

0.2496*06 

0.1936*04 

0.2406*07 

0.5066*07 

0.2966 

10 

0.6196*10 

2 

0.2396*03 

0.2426*02 

0.2096*06 

0.1146*04 

0.1736*07 

0.6346*07 

0.2236 

10 

0.7296*10 

2 

0.1986*03 

0.2396*02 

0.1226*06 

0. 1556*04 

0.1896*07 

0.5916*07 

0.2896 

10 

0.5756*10 

2 

0.2436*03 

0.2976*02 

0.8176*05 

0.1-136*04 

0.1216*07 

0.3746*07 

0.1596 

10 

0.3346*10 

2 

0.2136*03 

0.2786*02 

0.1096*06 

0.1576*0* 

0.1046*07 

0.1046*07 

0.1946 

10 

0.2716*10 

2 

0.1096*03 

0.2426*02 

0.1976*06 

0.6*76*03 

0.3796*07 

0.2626*07 

0.6286 

10 

0.6356*10 

2 

0.1906*03 

0.2976*02 

0.9896*09 

0.33*6*03 

0 • 1646*0  7 

0.1296*07 

0.5096 

10 

0.6446*10 

2 

0.1206*03 

0.2996*02 

0.1536*06 

0.*7uE*03 

0.4046*07 

0.1106*07 

0.5456 

10 

0.4486*10 

2 

9.1996*03 

0.2946*02 

9.9116*06 

0.31c£*03 

0.3376*07 

0.2866*07 

0.1856 

11 

0.1516*11 

2 

0.1966*03 

0.2446*02 

9 .3296*06 

0. *036*03 

0.3126*07 

0.3316*07 

0.1866 

11 

0.1676*11 

2 

0.1096*93 

0.2096*02 

0.2416*06 

0.3406*03 

0.3086*07 

0.1626*07 

0.9226 

10 

0.8036*10 

2 

0.177e'03 

0.3026*02 

0.1286*06 

0.3186*03 

0.2036*07 

0.1756*07 

0.64SE 

10 

0.7986*10 

2 

0.9636*02 

0.2496*02 

9.1446*06 

0 .5*36*03 

0.3126*07 

0.2166*07 

0.5376 

10 

0.5356*10 

or  CORRECT  CUASSir.  : 

AUMCR  or  CRRCNcOOS  CLASS ir.  : o 

peRceMTAOc  or  success  : uo.ooouu 


i^eSULTS  POfl  CLASS  J 


I 

I 

I 


r 


I 


distances  to  CLASatS: 

198 

ASSIF.  ; 

CLASS  1 

CLASS  2 CLASS  3 CLASS  ■* 

CLASS  5 

CLASS  6 

CLASS  7 CLASS  8 

3 

0.173e*03 

0.137E*03 

0.3a6£«02 

9.aaj£*03 

9.3S9£*05 

0.282E»06 

9.U7E*19 

9.Sa0E*09 

3 

0.170E*03 

0.139E*03 

9.29a£*02 

a.a22E->03 

0.a79£.05 

9.329E»06 

9.131£*I0 

9.70a£«09 

3 

0.l75e*03 

a.223e*03 

9.3UE*92 

9.107E-04 

0.149£*06 

9.540£«05 

9.755£*99 

9.3S0£*09 

3 

0.1A7E.O3 

0.159E.03 

0.446E»02 

9.1JVE.04 

0.308E*0S 

a.aEEE'as 

9.450E*09 

9.447E»09 

3 

0.139E*03 

0.140£*03 

0.377E.02 

0.9aj£.03 

0.209£*95 

9.492£*95 

0.318E*09 

9.312E*09 

3 

0.175E*03 

O.ElSE'Oi 

0.349E.02 

9.  l.ljC*04 

a.lAEE'Oa 

9.390e*0S 

0.791E*09 

9.344€«99 

3 

0.15aC«03 

O.I39E*03 

9.45QE*02 

9.d7A£*OJ 

0.475£*05 

0.34l£*06 

9.14I£*10 

0.692E*09 

2 

0.16SE*03 

0.136£«03 

9.297E.02 

0.dS2£«a3 

0.445E*OS 

9.310£*96 

9.124£*10 

9.66a£*99 

3 

0.333E*a3 

0.714E.03 

9.427E*92 

9.I91E*04 

9.1I4£*06 

9.596E*96 

9.Sa0E*09 

0.740£*09 

3 

0.353E*03 

0.427t*03 

n.S20E*92 

9.42A£»04 

9.34S£*97 

9.764E.07 

9.I47E*10 

0.541£*ia 

3 

0.407E*03 

0.4a7E*03 

9.39aE*02 

0.2ld£*94 

0.481E»05 

9.432E*06 

9.219£»99 

0.236E*I0 

3 

O.S02E*03 

0.792E.03 

9.4a4E*92 

9.373E.04 

a.EiaE^oa 

9.143e*07 

9.232E*99 

9.694E*09 

3 

0.A41£*03 

0.702E*03 

9.S42E«02 

9.3I1E*04 

9.26a£*06 

9.175E*97 

9.261£*99 

9.769E*09 

3 

0.391C*03 

a.44aE»03 

9.29SE»02 

g.EOiE^dA 

9.492£»05 

9.339£»06 

9.ia7E*09 

9.I9IE«19 

3 

0.390E*03 

0.44l£*03 

9.4e2E*02 

0.5U**e*04 

0.279E«97 

9.S34E*07 

9.l21E*ia 

9.426£*I9 

3 

0.339E*03 

0.77aE»03 

9.4'}0F*a2 

>j.2AiE«04 

0. 139E*96 

9.897E*06 

9.700E*09 

9.903£*09 

3 

0.113e*03 

o.i4«£.aj 

9.334£*92 

u«  1 34£*03 

0.20ie*05 

9.20aC*05 

9.204£»09 

9.224£*09 

3 

0.147e*03 

u.i3ae*03 

9 

0. 1->9£»03 

0.295E*05 

9.209£«05 

9.294£.09 

9.273£*99 

3 

a.lS0E*03 

a.23a£*a3 

9.42QE.02 

0.139e.O3 

0.S12£«05 

9.1dSE«05 

9.350E«09 

9.295£*09 

3 

0.20S£*03 

U.289£»03 

9.327E.02 

a.l/4£.03 

0.399E*05 

0.2B9E‘0S 

9.465£*09 

9.S56£»09 

3 

0.212C*03 

0.28SE*03 

0.4UE*92 

9.  Ia3£*03 

9.436£*9S 

0.365E*95 

0.617E*99 

9.64a£*99 

3 

a.I!3E*a3 

0.239E*03 

0.294F»02 

0.9u2E*02 

9.324£*9S 

a.l21E»fl5 

9.259E*99 

9.2I9E>99 

3 

0.13aE>03 

0.lS7E*03 

9.37aE*92 

9.aoue«a2 

0.222E*OS 

9.245E-05 

9.222E‘99 

9.19S£*99 

3 

0.1UE*03 

0.1S3E«03 

0.303E*02 

U.lAU£.03 

9.167£*0S 

9.iao£*os 

0.la4£*99 

0.20S£*99 

3 

0.23SE*03 

0.822E<a3 

i.3aiE*a2 

o.uoE*a* 

9.25S£*04 

9.4a6E«9S 

0.2a6£*98 

9.457E*0a 

3 

0.2I7E*03 

0.S5l£*03 

0.320£«92 

9 • 1A2E.04 

9.4S6E*96 

9.674£»06 

9.t24eo09 

9.6I2£*09 

2 

0.2!6E*03 

. a.4l3£*33 

9.347E.02 

0.a75e*03 

O.I56E*04 

9.119E»95 

9.919£*97 

9.ia2E*09 

3 

I).224E*03 

a.44ZE«a3 

0.273e*02 

9 . 900£«03 

0.472E.94 

9.S9S£*95 

0.871£*97 

9.iaa£*9S 

3 

0.246£*03 

0.457E*03 

0.349E.02 

9.191E*94 

9 .o14£«0A 

9.590£*05 

9.10SE*98 

9.237£*08 

3 

a.234E*a3 

0.4Q9£*03 

9.2S2E.92 

9.6dbe»03 

9.121E*04 

9.143E*95 

9.8S0E*97 

9.2I3£*99 

3 

0.240C*03 

0.a07E*03 

0.37te.02 

9.2UJE«94 

9.42S£*0d 

9.5a7E*06 

9.114E-99 

0.S5a£*99 

3 

0.208e*03 

0.734£.03 

0.2e9E>92 

9.a9e£*03 

9.293E'>04 

9.57a£»05 

9.336£*9a 

9.534£*08 

3 

o.i4ie*o3 

0.2I6£«03 

9.146£*02 

9.7VI£.02 

g.I3IE*93 

9.1l4£«04 

9.U3£*0S 

9.941E.07 

3 

0.143c»03 

0.241E.O3 

0.197E.02 

9.d99£*02 

9.293£*93 

9.lld£*04 

9.145£*98 

9.124£*9a 

3 

0.l4aE*03 

0.33aE*03 

9.394E.02 

9.927E.02 

0.209E*04 

9.277E»04 

9.296E«'9a 

9.223e*9a 

3 

0.ia0£*03 

0.4a3E*03 

0.4laC*92 

0 .23o£*03 

9.11i£*94 

0.999£*04 

o.naE'oa 

9.I17E.09 

3 

0.176E*03 

0.430£«03 

o.oastAoa 

0.2i2E.93 

9.196E*94 

9.995e*04 

9.133E*98 

9.H3E*99 

3 

0.151£<03 

0.326c*a3 

9.279E.92 

9.67aE*a2 

9.13a£*94 

0.229E*04 

0.23a£*93 

9. 172E*08 

3 

0.137E»03 

0.224t*03 

9.133E*02 

9.7j7£.02 

a.274£.03 

a.750£*03 

9.I0S£*0a 

9.93S£*07 

3 

0.l37e.03 

0.209£<03 

9.lSl£*a2 

9.799E*02 

9.16d£A03 

9.U9£*94 

9.193E*ua 

9.a93£»07 

3 

0.l7se*03 

0.408E*03 

0.2S7E*02 

9.UJ£»93 

9.»62E*93 

g.393E>04 

9.442£*9S 

9.2aoE*oa 

3 

0 . 144£«03 

0.278£*03 

9.27a£.92 

9.IJ7E*93 

O.U3E*04 

0.997E.03 

9.982£*05 

9.300E«0a 

3 

0.157E.03 

a.3SlE«03 

a.223E«02 

0.9»1E*02 

9.327E*93 

0.517E*04 

9.I93E*96 

9.3aS£*96 

3 

0.131E*03 

0.231E»02 

9.274£*02 

9.617E*02 

9.34aEA03 

9 .646£*03 

0.463E*05 

9.I2SE*06 

3 

0.128£*03 

0.229£*03 

9.2*4£*92 

9.69U£*02 

9.272E*a3 

9.a32E*93 

9.4S9E*05 

9.I22E*06 

3 

a.lS4£*03 

'J.342E*03 

9.216E*92 

9. 73ie.«92 

9.S41E*03 

9.457E*04 

9.I13E»06 

9.S«3E«06 

3 

0.14aE*03 

0.299£»03 

9.296£»02 

9. 193E*03 

9.U2E‘04 

0.797E.03 

0.820E*03 

9.4I9E«96 

3 

0.17«E*03 

0.394E»03 

9.24aE«02 

9.999£.02 

9.59I£*03 

9.2a2E*04 

0.488E*0S 

9.243E*9a 

3 

0.1S6£‘03 

a.l57E*02 

9.24!E«o2 

9.  lvJ9e*03 

9.20aE*04 

9.2a9E*04 

0.323E*98 

9.282E*0a 

3 

0.134£«03 

9.243£*a3 

9.295EAa2 

0.72aE«02 

9.iaiE*04 

9.3Sa£*94 

0.264£«98 

0.329£*0a 

3 

0.122E*03 

9.296£*03 

9.24zr«.o2 

9 aaSaEADZ 

9.3S3EA04 

9.244E*04 

0.3S9E*9a 

0.371E*Oa 

3 

0.136E*03 

9.289E*03 

9.321E>92 

9.1-*o£.03 

9.I69E.05 

9.39S£*94 

9.6a0E*98 

0.334£*9S 

3 

0.137E*03 

9.299E*03 

9.397E*02 

0.17lE*03 

9.1S6£*0S 

9,5ai£»04 

9.68IE*98 

9.342E.oa 

3 

0.121E*03 

9.2g3E*03 

0.2«3E*02 

a.6i2E*92 

9 .364£«04 

0.2S2E«04 

0.313E*9a 

0.337£*9a 

3 

9.136E<03 

9.254£.03 

0.23iE*02 

9.4  72£*92 

9.225£»04 

9.333E*04 

9.3ll£*0a 

9.Ja9E«08 

3 

a.l59E*03 

a.l64£.03 

9.224E«02 

O.I92E'>93 

9.142E.04 

0.247E«04 

9.2S3E«0a 

9.227E«0a 

3 

aa«3E«03 

9.471E*03 

9.320E*02 

0.3«»£*03 

9.324E*04 

9.427E*04 

9.325£*98 

9.90SE*0a 

3 

9.24«E.0J 

0.24ac*03 

9.327F.a2 

0.2U6£«93 

9.133E-04 

0.i20£«05 

0.36aE«08 

9.403£«08 

3 

0.217E*03 

9.33U*93 

0 .364E*02 

9.29l£*93 

9.274£.04 

9.399t»94 

9.3asE*oa 

9.42SE.oa 

3 

0.243E‘03 

0.471E*02 

9.*35E*92 

9.413E.03 

a.361E*04 

0.322E*05 

9.124E*09 

9.I3dE*99 

3 

9.2!1E*03 

9.490E*03 

0.*3TE*92 

9.S3o£»03 

9.1*7E*94 

9.2d0E*05 

9.326E»0a 

9.222E*99 

3 

(J.209£*03 

0.355£-03 

0.3*8£-02 

9.22ee'>93 

0.349E»04 

9.112E*0S 

9.407E*Od 

0 • AsaE^oa 

3 

0.231E*03 

3.232£*93 

9.2iSE*02 

9. 13U£*03 

9.121S*04 

9.dl9£*04 

9.34aE*9a 

0.34SEAOa 

3 

a.l6a£*03 

9.*77c*03 

9.3l«E*02 

0.4l9£*03 

9.397E.04 

0,3d4£*04 

C.S36£*0a 

9.77TE*0a 

— NUi«f!£9 

OF  COrtSECT  CLASSIF. 

S* 

NUN»»EA 

OF  CSi’CNEOUS 

CLASSIF.  ; 

9 

PCf^CENTtSb  CF  SUCCESS  : lOO.OOOUU 


r 


i 

t 

results  class  • 


CLASSIF.:  OISTANCES  TO  CLASScS: 


CLASS  1 

CLASS  2 

CLASS  3 

CLASS  * 

CLASS  5 

CLASS  6 

CLASS 

7 

199 

CLASS 

8 

o.a77e*o2 

0.2366*0* 

0. *726*07 

0.2306*02 

0.4796*08 

0.2386*09 

0.4676 

12 

0.2396 

12 

a.iaoE«o3 

0.2006*0* 

0. *086*07 

0.2536*02 

0.4366*03 

0.2166*09 

0.4296 

12 

0.2236 

12 

0.2S6E*03 

0.2716*0* 

0.7556*07 

0.3116*02 

0.9756*08 

0.6846*08 

0.3596 

12 

9.1456 

12 

0.127E‘03 

0.1*66*0* 

0.2*36*07 

0.3006*02 

0.2546*08 

0.9506*08 

0.1146 

12 

0.1246 

12 

0.12AE*03 

0.1*06*0* 

0.2366*07 

U.3i56*02 

0.2416*08 

0.9366*08 

0.1126 

12 

0.1206 

12 

0.298E*a3 

0.2376*0* 

0.6556*07 

0.3*06*02 

0.9206*08 

0.6246*08 

0.3386 

12 

0.1736 

12 

o.a7oe*02 

0.2036*0* 

0. *126*07 

0.2/*6*02 

0.4236*08 

0.2116*09 

0.4186 

12 

0.2136 

12 

0.770e*02 

0.2086*0* 

0. *226*07 

0.3776*02 

0.4446*08 

0.2206*09 

0.4156 

12 

0.2266 

12 

0.2A<»C»03 

0.5*16*0* 

0.2206*09 

0.**u6*02 

0.1676*10 

0.1446*11 

0.2166 

13 

0.2586 

13 

a.222E<'03 

0.9736*05 

0.1106*09 

0. *116*02 

0.1666*11 

0.8486*11 

0.5496 

13 

0.3206 

14 

0.AAie*03 

0.9196*0* 

0.1376*09 

0.5236*02 

0.2146.10 

0.2656*11 

0.1956 

13 

0.2186 

14 

9.8a9E«03 

0. *396*0* 

0.1256*09 

0 .*0a6»02 

0.1496*10 

0.1976*11 

0.7756 

12 

0.1416 

13 

o.a3aE*o3 

0.3876*0* 

0.1236*09 

0.32*6*02 

0.1326*10 

0.1826*11 

0.7566 

12 

0.1246 

13 

0.*32E«03 

0.3536*0* 

0.13*6*09 

0.5036*02 

0.2076.10 

0.2576*11 

0.1876 

13 

0.2126 

14 

0.209E*03 

0.9*96*05 

0.1036*09 

0. *0*6*02 

0.1626*11 

0.8266*11 

0.5336 

13 

0.3126 

14 

0.279e.03 

0.3996*0* 

0.2126*09 

0. *426*02 

0.1716*10 

0.1396*11 

0.2256 

13 

0.2686 

13 

0.129e*03 

0. *0*6*0* 

0.1456*08 

0.2796*02 

0.2356*09 

0.2766*09 

0.4296 

12 

0.4066 

12 

0.l29e*03 

O.***6*0* 

0.1026*08 

0.*Joe*02 

0.1126*09 

0.2186*09 

0.3306 

12 

0.374e 

12 

0.1196.03 

0.3136*0* 

0.15*6*08 

0.3106*02 

0.2386*09 

0.1586*09 

0.3916 

12 

0.3446 

12 

0.235E»03 

0.1*26*05 

0.3*16*03 

0.3006*02 

0.3006*09 

0.2496*09 

0.1216 

13 

0.6276 

12 

0.2386.03 

0. 1616*05 

0.3776*03 

0.3006*02 

0.3256*09 

0.2756*09 

0.1316 

13 

0.6446 

12 

o.ns6«a3 

0.2*06*0* 

0.1076*08 

0.3126*02 

0.1666*09 

0.1096*09 

0.2756 

12 

0.2706 

12 

0.1*26*03 

0. *756*0* 

0.11*6*08 

0.3*76*02 

0.1226*09 

0.2826*09 

0.3886 

12 

0.4366 

12 

0.1**E*03 

0.3396*0* 

0.1*16*08 

p.3o2e*02 

0.2036*09 

0.2666*09 

0.3996 

12 

0.3676 

12 

0.3916*03 

0.3096*05 

0. *406*09 

0.2426*02 

0.5716*10 

0.7246*11 

0.4866 

13 

0.564C 

14 

0.8396*03 

0.2266*05 

0.4066.09 

0.5796*02 

0.2726*10 

0.3946*11 

0.2916 

13 

0.2846 

13 

0.3086*03 

0.1136*05 

0.4*46*09 

0. *516*02 

0.2546*10 

0.4466*11 

0.2476 

13 

0.3466 

13 

0. *336*03 

0.3536*05 

0.5306*09 

0.2796*02 

0.6606*10 

0.8366*11 

0.5616 

13 

0.6526 

14 

0. *366*03 

0.2736*05 

0. **46*09 

0.3776*02 

0.5746*10 

0.7236*11 

0.4626 

13 

0.5646 

14 

0.3066*03 

0.1116*06 

0.4*16*09 

O.*ou6*02 

0.2606*10 

0.4396*11 

0.2586 

13 

0.3546 

13 

0.1076*0* 

0.2136*05 

0. *856*09 

0.5776*02 

0.3286*10 

0.4786*11 

0.3586 

13 

0.3546 

13 

0. **06*03 

0.3076*05 

0. *536*09 

0.27*6*02 

0.6276*10 

0.7926*11 

0.5306 

13 

0.6196 

14 

0.155E*03 

0.2036*03 

0.7856*02 

0.1006*02 

0.6006*03 

0.4276*03 

0.7806 

07 

0.7366 

07 

0.1S26*03 

0.2166*03 

0.7556*02 

0.  loje*02 

0.9066*03 

0.3896*03 

0.6496 

07 

0.7046 

07 

0.1326*03 

0.2056*03 

0.5556*02 

0.2236*02 

0.5016*03 

0 . *826*03 

0.1976 

08 

0.1136 

08 

0.1306*03 

0.3*16*03 

0.1096*03 

0.2  >16*02 

0.1126*04 

0 .9936*04 

0.1056 

08 

0.6986 

08 

0.1S1E*03 

0.3396*03 

0.1156*03 

0 . 3u46*02 

0.1226*04 

0.1336*05 

0.1446 

08 

0.7676 

08 

0.1316*03 

0.20*6*03 

0. *706*02 

0.3jj6*02 

0 .4446*03 

0.1036*04 

0.2786 

08 

0.1746 

08 

0.1!3e*03 

0.2066*03 

0.4036*02 

0.1306*02 

0.9756*03 

0.3926*03 

0.7386 

07 

0.8066 

07 

0.1576*03 

0.2266*03 

0.7316*02 

0. 13*6*02 

0.7186*03 

0.3806*03 

0.8356 

07 

0.8726 

07 

0.8526*02 

0.5536*03 

0.2*06*07 

0 .3*36*02 

0.3806*08 

0.5536*08 

0.8836 

11 

0.7776 

11 

0.1756*03 

0. *366*03 

0 . 15*6*07 

0.2316*02 

0.2356*08 

0.3066*08 

0.7366 

11 

0.8356 

11 

0.1156*03 

0. *606*03 

0.2*96*07 

0.3156*02 

0.4376*08 

0.2236*08 

0.7736 

11 

0.7506 

11 

0.1656*03 

0.1066*0* 

0.4236*07 

0.2946*02 

0.5946*08 

0.3986*08 

3.2636 

12 

0.1436 

12 

0.1696*03 

0.9386*03 

0.3966*07 

0.3346*02 

0.5776*08 

0.3716*08 

0.2546 

12 

0.1386 

12 

0.1226*03 

0. *526*03 

0.2336*07 

0.2976.02 

0.4126*08 

0.2026*08 

0.7076 

11 

9.6866 

11 

0.17*6*03 

0. *076*03 

0.17*6*07 

0.3956*02 

0.2236*08 

0.2876*08 

0.7096 

11 

0.8976 

11 

0.8286*02 

0. *3*6*03 

0.18*6*07 

0.2726*02 

0.2946*08 

0.3906*08 

0.6836 

11 

0.6036 

11 

0.1*06*03 

0.7696*0* 

0.3036*08 

0.3936*02 

0.4316*09 

0.5316*09 

0.7676 

12 

0.7276 

12 

0.1966*03 

0.1056*05 

0.2296*08 

0.1766*02 

0.2196*09 

0.7476*09 

0.7386 

12 

0.8006 

12 

0.1196*03 

0.6566*0* 

0.2*76*03 

0.2336*02 

0.3546*09 

0.3266*09 

0.5676 

12 

0.5576 

12 

0.2626*03 

0.2636*05 

0.4006*08 

0.3546*02 

0.3646*09 

0.4426*09 

0.2116 

13 

0.1116 

13 

0.2676*03 

0.2986*05 

0.4256*08 

0 .»0o£*02 

0.9036*09 

0 .S3»€*09 

0.2176 

13 

0.1166 

13 

0.12*6*03 

0.6296*0* 

0.2446*05 

0.3156*02 

0.3856*09 

0.3446*09 

0.6386 

12 

0.6236 

12 

0.2056*03 

0.77*6*0* 

0.1936*08 

3.3516*02 

0.194E*09 

0.5386*09 

3.6306 

12 

0.6986 

12 

0.1366*03 

o.5**e*o« 

0.2176*08 

0.2436*02 

0.3116*09 

0.3606*09 

0.5576 

12 

0.5296 

12 

0.1726*03 

0.1136*05 

0.2546*08 

0.2  7*£.02 

0.2466*09 

0 . 9936*09 

0.8476 

12 

9.9166 

12 

0.1536*03 

0.13*6*05 

0. *586. 08 

_.0. 2326*02 

0 .9866*09 

0.7396*09 

0.1136 

13 

0.1096 

13 

9.2286*03 

0.12*6*05 

0.290F*Oa 

0 .23u6*02 

~ 0.2906*09' 

0.92J£*09  ■ 

0.9416 

12 

0.1026 

13 

0.1856*03 

0.2966*05 

0. *336*08 

0.3*-£*o2 

0.3536*09 

0.1626*10 

0.2906 

13 

0.1526 

13 

0.19*6*03 

0.3*36*05 

0.5*26*09 

0.4596*02 

0 .•*466*09 

0.2046*10 

0.3626 

13 

0.1916 

13 

0.22*6*03 

0.1296*05 

0.2876*05 

0.2»7£*02 

0.2756*09 

0.9206*09 

0.9216 

12 

0.1006 

13 

0.1*36*03 

0. 13*6*05 

3.5106*05 

U.29uE*02 

0.7226*09 

0.7296*09 

0.1176 

13 

0.1146 

13 

0.1656*03 

0.1*26*05 

0.2936*05 

0.3*36*02 

0.2736*09 

0.1056*10 

0.9636 

12 

0.1036 

13 

— nukrer 
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CLASSIF.  : 

9* 

0 

I FERCCNTaOE  of  success  : lOO.OOOUu 
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RESULTS  POM  CLASS  3 

200 

■ASStF 

• • 

distances  to 

CLASbtS: 

CLASS  1 

CLASS  2 

CLASS  3 

CLASS  4 

CLASS  5 

CLASS  6 

CLASS  7 

CLASS  a 

§ 

0.122£>03 

0.19l£»03 

O.SOSE*03 

O.U9£*03 

0.16‘*E'>02 

0.1085*04 

0.4395*07 

0.2375*07 

5 

0.I22E*03 

9.132£*03 

a.4';9E*a3 

0.  l‘*6c*03 

0.2215*02 

0.1205*04 

0.4315*07 

0.2565*07 

5 

0.1«2C*03 

0.3*aE»03 

0.800E*03 

0. 132£*03 

0.413E*02 

0.3785*04 

0.4425*07 

0.9495*06 

5 

0.1S1£*03 

0.320£*03 

0.4A2E*03 

0.7a3£*02 

0.2806*02 

0.5805*04 

0.1546*07 

0.3155*07 

5 

0.1aTE*03 

').3Q0E«03 

a.S33E*03 

0.1«2£*03 

0.2716*02 

0.3195*04 

0.2156*07 

0.3555*07 

5 

0.1S7E.03 

0.325£<03 

0.a27E.03 

0.13>ie*03 

0.3705*02 

0.3635*04 

0.3435*07 

0.5886*06 

S 

0.1X9E«03 

0.173E»a3 

0.537E.03 

0.1*«»E.03 

0.2425*02 

0,1146*04 

0.7145*07 

0.4085*07 

S 

0.120E*03 

0.172E.03 

0.491P*i}J 

0 . 1 A 7£*03 

0.1896*02 

0.1115*04 

0.6726*07 

0.3166*07 

S 

0.229E*03 

0.387E*03 

0.408E*03 

U.117£*34 

0.4335*02 

0.1425*05 

0.1145*08 

0.6046*08 

S 

0.219E*03 

0.2S3E*03 

0.416E*a3 

0.104e*04 

0.4615*02 

0.9775*04 

0.218E*aa 

0.2386*08 

< 

a.2SaE*03 

0.53SE«03 

0.S77E.03 

9.9de£*03 

0.4l2E*02 

0.7405*04 

0.3165*08 

0.3766*08 

S 

o.34ae*o3 

0.6a2E«a3 

0.739e*03 

0.217E.04 

0.4146*02 

0.1776*03 

0.3865*08 

0.1555*09 

s 

0.34aE«C3 

0.67SE*03 

0.733E*03 

0.2l9t.04 

0.4315*02 

0.1596*05 

0.2785*08 

0.1065*09 

5 

0.26aE*03 

U.550E*03 

0.614C*03 

0.1U3E*04 

0.420E*02 

0.7975*04 

0.3115*08 

0.3775*08 

Q 

0.22aE*03 

a.252E*03 

0.479E*03 

0.1103*04 

0.4866*02 

0.1035*05 

0.2975*08 

0.3175*08 

3 

a.2iaE*03 

0.384£*03 

a.376P.03 

0.1l2E*04 

0. *346*02 

0.1225*05 

0.6915*07 

0.3435*08 

s 

0.1iaE'>03 

Q.23A£*03 

0.4A2P.03 

0.3‘*J£*03 

0.2636*02 

0.3365*03 

0.4605*07 

0.3986*07 

s 

0.16SE*03 

0.231E*03 

0.23aE*03 

0.2a3£*03 

0.3386*02 

0.3905*03 

0.5965*07 

0.5285*07 

C 

o.iaaE^os 

0.312E*03 

0.3«4E*03 

0.1903*03 

0.2676*02 

0.5065*03 

0.5715*07 

0.4475*07 

5 

0.2a9E*03 

0.3U£*03 

0.ai0P*O3 

0. 1‘3o£*03 

0.3596*02 

0.3425*03 

0.9296*07 

0.8005*07 

: 5 

a.2ia£«03 

0.519£*03 

o.i3e£*a* 

0.219£*03 

0.3236*02 

0.8295*03 

0.1375*08 

0.1105*08 

3 

0.167E*03 

Q.31l£«03 

0.3S5E*03 

0.24.Je-U3 

0.2576*02 

0.5105*03 

0.6425*07 

0.5025*07 

: 5 

0.169E.03 

0.24IE«a3 

0.372E*03 

0.1 7b£*03 

0.3136*02 

0.6225*03 

0.3185*07 

0.2856*07 

5 

0.1iaE*03 

0.227£*03 

0.314E*03 

0.33JE*03 

0.3216*02 

0.5435*03 

0.5435*07 

0.4916*07 

i 3 

0.2aSE*03 

0.377£»03 

0.9323*03 

0.62I9E*03 

0.4325*02 

0.1186*06 

0.3555*08 

0.8575*09 

i 5 

0.240E*03 

0.36ie*03 

0.139P.0<* 

0 .4aaC*03 

0.4506*02 

0 .1646*06 

0.4536*08 

0.5115*08 

3 

0.144E*03 

o.aooE'oa 

0.23*E*0-» 

0.3912*03 

0.3316*02 

9.2076*06 

0.3515*08 

0.6475*08 

: 5 

0.241E*03 

0.83SE»a3 

0.97aE.O3 

a.5odE*03 

0.3096*02 

0.1406*06 

0.3795*08 

0.9125*09 

! 5 

0.236£«a3 

0.a78E*03 

0.903£*03 

0.6ia£*03 

0.4146*02 

0.1415*06 

0.3965*03 

0.9825*09 

K 

0.1*7E»03 

0.a55£*03 

0.2433*04 

0.671E*03 

0.3406*02 

0.2145*06 

0.3775*08 

0.7205*03 

e 

0.2S0E<03 

0.372£«03 

0 . I30£*04 

0.5dVe*03 

0.4846*02 

0.2035*06 

0.4946*08 

0.5605*06 

S 

0.2S1E*03 

0.a60£«03 

0.108£*04 

0.59o£*03 

0.3816*02 

0.1385*06 

0.3965*08 

0.8955*09 

t 5 

0.178E*03 

0.373£»03 

0.469E*03 

Q.23<:E*03 

0.1566*02 

0.7595*03 

0.3585*06 

0.4685*06 

5 

0.173E*03 

i).3a7E»03 

0.4523*03 

9.1*«£*03 

0.276e*02 

0.6306*03 

0.3435*06 

0.3666*06 

5 

0.iaiE*03 

a.336E«93 

0.3S3E*03 

0.222£*03 

0.3406*02 

0.2925*04 

0.1295*07 

0.1195*07 

e 

0.130E*03 

0.631E*03 

0.2a4£*03 

0.1 73£*03 

0.30d6*02 

0 .0435*04 

0.6125*06 

0.4265*07 

c 

o.ia4£*a3 

0.639e»')3 

0.2923*03 

U.liSOt*03 

9.3315*02 

0.7?  05*04 

0.4025*06 

0.3345*07 

i 

0.13a£«03 

0.39*£*03 

0.4013*03 

0.290E*03 

0.3025*02 

0.2455*04 

0.1076*07 

0.9785*06 

5 

0.ia0E>03 

U. 3323*03 

0.<.70e*OJ 

0.227E*03 

0.1576*02 

0.7035*03 

0.3706*06 

0.4596*06 

3 

0.1S3E*03 

0.333E»03 

0.5103*03 

0.2J7E*03 

0.2565*02 

0.7435*03 

0.2755*06 

0.3446*06 

5 

C.l&6£*03 

0.334e*03 

0.223E*03 

0.23'»£*03 

0.3305*02 

0.3515*03 

0.2075*08 

0.1635*08 

3 

0.139E*03 

0.20ae*03 

0.3493*03 

0.3093*03 

0.2875*02 

0,4746*03 

0.1365*08 

0.1076*03 

3 

0.ieiE«03 

0.271E*03 

0.29QE*03 

0.3/7E*03 

0.2325*02 

0.3466*03 

0.1105*08 

0.1076*08 

e 

0.135£‘03 

9.228E*43 

0. 3783*03 

0.20i*e*03 

0.3715*02 

0.9235*04 

0,5775*08 

0.2596*08 

3 

0.144£*03 

0.211E*03 

9.730E*03 

0.21*£*03 

0.3046*02 

0.2115*05 

0.8855*08 

0.4635*08 

5 

0.179£»03 

0.277E*03 

0.3133*03 

0.393£*03 

0.2715*02 

0.2375*03 

0.1096*08 

0.1066*08 

5 

0.139E*03 

a.214£*a3 

0.263£*a3 

0 .2-* '*£*03 

0.2965*02 

0.4765*03 

0.1165*08 

0.9196*07 

3 

0.136E*03 

0.33AC*03 

0. 2033. 03 

0.2dl£*03 

0.2325*02 

9.3666*03 

0.1895*08 

0.1*46*08 

e 

0.ie8E*03 

0.277£*03 

0.4187.03 

0.3333*03 

0.3346*02 

0.1876*03 

0.9146*07 

0.8735*07 

3 

0.120E<03 

0.192E«03 

0.335E*03 

0.24«£*03 

0.2446*02 

0.2825*03 

0.6935*07 

0.5016*07 

3 

0.164E*03 

0.316E*03 

0.391E.03 

a.2b2e*03 

0.2585*02 

0.3565*03 

0.1286*08 

0.9456*07 

5 

0.127E»03 

0.201E*03 

0.3623*03 

0 .2oa£*03 

a.36<*e*02 

0.3296*04 

0.2686*08 

0.2576*08 

3 

0.12S£*03 

0.197E-03 

0,3313*03 

0.2alE*03 

0.4676*02 

0.3686*04 

0.3585*08 

0.3485*08 

5 

0.163E*03 

0.322E*03 

0.4583*03 

0.27UE*03 

0.2795*02 

0.8016*03 

0.1465*08 

0.1065*08 

3 

0.I22E*03 

0.205E*03 

0.3323*03 

0.2-*9£*03 

0.2716*02 

0.2815*03 

0.5476*07 

0.4096*07 

3 

a.lS4£*03 

0.233E*03 

0.440E*03 

0 •3b3£*03 

0.2615*02 

0.1135*03 

0.8575*07 

0.8196*07 

5 

0.140E*03 

a.301E*03 

0.4513*03 

0.4i»ae*03 

0.2816*02 

0.8915*02 

0.6365*07 

0.5336*07 

5 

0.227E*03 

0.33*£*03 

0.2143*03 

0.3306*03 

0.2915*02 

0.1175*03 

0.6975*07 

0.6546*07 

s 

0.147E.03 

0.273E*02 

0.416E.03 

0 .4joe*o3 

0.2295*02 

0.2935*03 

0.7775*07 

0.0105*07 

c 

0.210E«03 

0.A20e*03 

0.9653*03 

0.23l£*03 

0.3046*02 

0.2775*03 

0.2105*08 

0.1215*08 

i 

0.210E'>03 

0.fc20E*03 

0.1103*04 

o.2doe*a3 

0.3276*02 

0.3676*03 

0.2305*08 

0.1275*08 

3 

0.1«aE*03 

0.278E-03 

0.4033*03 

0.4023*03 

0.2055*02 

0.2846*03 

0.6945*07 

0.54*5*07 

3 

0.224£*03 

0.3X0E*03 

0.2363*03 

0.4«3£*03 

0.3196*02 

0.1276*03 

0.8795*07 

0.8395*07 

c 

9.142E*03 

0.303E*03 

0.452E*03 

0 •3iJC*03 

0.3375*02 

0.8346*02 

0.7455*07 

0.6105*07 

~NUM9E9 

OP  CORRECT  CLaSSIP.  : 

1 

NUMBER 

OP  ERRONEOUS 

CLaSSIF.  : 

0 

RERCENTAaE  OF  SUCCESS  : lOO.OOOuu 

k tL, 

■- 

J 

i^eSULTS  Po-?  CLASS  a 
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ILaSSIF.: 

distances  to 

CLASSES: 

CLASS  t 

CLASS  2 

CLASS  3 

class  4 

CLASS  5 

CLASS  a 

CLASS  7 

CLASS  a 

6 

a.l3*£*03 

0.23*t*03 

0.l7!e*02 

0.29u£.93 

0.396E*03 

9.471£*02 

9.61SE407 

0.338E*07 

6 

0.136c«03 

U.239E*03 

').172E.03 

0.2^4£.o3 

9.4a4£.03 

0.420E»02 

9.482E*07 

9.195E*07 

6 

0.t3AE*03 

0.A*2£*03 

0.20aE*03 

9.1 ^7t.03 

9.477E*93 

a.3a2£*02 

9.22SE>07 

9.90ac*06 

6 

0.ia0E«03 

0«38a£*03 

9.192E*03 

a.lol£*03 

0.I20E403 

0.304£.02 

a.l29E*07 

0«946£*06 

6 

0.130e>03 

o«3aa£*o3 

U.130P«43 

0.127£*03 

9.94aE*02 

o.32ae*02 

a.793E40a 

o.S94£*oa 

6 

0.182e«03 

0.A3a£*03 

0.282E«43 

9.1-*'»E«03 

9.S99E*03 

0.3a3E492 

0.223E*07 

0.992E*Oa 

6 

0.X37C*03 

a.2AaE*o3 

0.179E»0J 

9.2«eE*03 

o.4aaE403 

9.224E*02 

a.43a£*07 

0.193E>07 

« 

0.139E*03 

a.237E*03 

«>.178£*03 

0.2R1£403 

0.371C*03 

a.338C*02 

a.7oaE*07 

9.a30E*07 

6 

0.27AE*03 

O.S78E*33 

0.302E*03 

O.TOIE.OS 

9.ia2E*04 

0.328E*02 

0.27aE*07 

0.416E*07 

6 

0.212E*03 

a.a6aE*03 

0.843E*03 

0.1ItE*04 

0.8a9E*04 

0.344E*02 

0.S70E»07 

0.212E*08 

6 

0.2aAE*03 

a.723C«03 

9.«34Z»a3 

0.12SE«04 

0.227E*04 

9.340E*02 

0.282E*06 

0.746£*07 

6 

0.310E*03 

a.993E*03 

0.a!iaE*03 

9.20<>E*04 

9.S71E*04 

9.S77E*02 

9.141E*07 

0.433E*07 

6 

0.28aE«03 

0.S59E*03 

0«ol4p»03 

0.laiE*04 

0.4S9E4O4 

a.343E*02 

0.772E*06 

0.241E*O7 

6 

0.1SaE*03 

0.702E.03 

0.4l3E>a3 

0. 1 lb£*04 

0.20a£«04 

0.303E*02 

0.320E*Oa 

0.a34E*07 

6 

0.218E«a3 

o«aa9£*o3 

0.83SP.03 

0. 12NE.04 

o.iaiE'OS 

9.378E*02 

0.a30E«07 

0.240E.oa 

6 

0.277E*03 

o.ao3E«a3 

9.32££«03 

'J.a43E*03 

a • i5a£«94 

a.364£*02 

9.319E*97 

0.491E»07 

6 

a.203E*03 

0.7Aa£'>03 

0.177E.03 

0.aauE«03 

o.i3ac«04 

0.2S2E*02 

0.243E*06 

0.103E>08 

6 

0.2taE«43 

0.319£*a3 

0.*9aE»03 

0.aAl£«03 

0.2a4E>94 

0.343E*92 

9.aoaE*96 

9.104£»07 

6 

0.200E*a3 

o.a57E.a3 

0.a99E*03 

9.3')aE«03 

0.T4a£*03 

9.37a£402 

0.906C*Oa 

0.229e*07 

« 

a.2a7E*03 

0.79aE*03 

0.199E.03 

9.a34E«03 

0.12TE*04 

0.2a0E*02 

o.304C4oa 

a.iiSE'oa 

6 

0.2UE*03 

a.a29£*a3 

0.18aE*a3 

O.TLOt^OS 

9.19aE*04 

9.57«£*02 

o.aa9E40a 

0.2S9E*04 

6 

0.197E*03 

0.a50C*03 

0.707E*03 

9.3a£*03 

9.731E»03 

o.3aaE*a2 

0.78aE*06 

0.292E*07 

6 

0.219E*a3 

a.32AE<03 

0.434E.03 

0 .aoe£*03 

o.2aac*94 

0.3a9C*02 

0.705E*06 

0.922E*oa 

« 

0.201E>03 

0.7iaE*03 

0.181C*a3 

0 .S'><|£.03 

o.liac«04 

0.214C*02 

0.301E>0a 

o.ui£*oa 

a 

0.143E*03 

0.301E*03 

0.417C*03 

0.3a9£*03 

a.S3aE*02 

a.317E*02 

9.200E407 

0.l4aE»07 

a 

0.21AE*03 

0.317E*03 

0.120C*03 

9.203E.03 

9.20aE*03 

0.329E«92 

0.971E406 

0.8a9E*06 

a 

0.iaaE*03 

o.2aaE*o3 

a.334E«a3 

0.2i3E*03 

a.aa7E*02 

9.2a9£*a2 

0.240E*07 

0.177E*07 

a 

0.187E*03 

0.*39E*03 

o.ssap*a3 

9.ia0E*03 

a.280E*03 

9.2S9E*92 

0.393E»07 

a.212E*07 

a 

0.18«E«03 

0.a97E*v3 

0.aiOE«03 

9.1S3E*43 

a.3S9E*03 

a.340£*02 

0.312E407 

0.161£*07 

a 

0.I72E*03 

0.2a9E*03 

0.3Q0E*03 

9.234£.03 

a.a79E*02 

9.304e*02 

0.14I£»07 

0.103E*07 

a 

a.208E*03 

a.314C*43 

O.llaE.03 

0.10V£.93 

0.1S9E*03 

0.349£*02 

0.976£*aa 

o.a8iE*oa 

a 

0.1«3E*03 

0.30*C*03 

0.*OSE«03 

9.30oE*93 

9.7iaE*02 

a.340E*92 

0.13aE*07 

0.92SE*Oa 

a 

0.202E*03 

0.AUE*03 

U.a20E*03 

o.a*uE«03 

9.12aE.03 

9.133E*02 

9.U3E«03 

0.2S3£*03 

a 

0.199E*03 

O.A07C*03 

0.s;3E*43 

9.7»>*£.03 

9.122e*03 

9.172£»02 

0.12SE493 

0.304E»03 

' a 

0.i99E»03 

0.*IU»03 

O.S38E*OJ 

0.79eC*03 

9.214E.03 

9.30a£*02 

a.lS3£*03 

9.419£*03 

a 

0.ia7E*03 

3.ASSC*93 

0.577E.a3 

9.a37E«03 

a.295£*03 

9.330E*02 

0.499E*a3 

0.4l7E*03 

a 

0.ie9E*03 

0.kA9E*03 

a.54ap»aj 

0.aAa£«03 

a.279E*03 

9.313E*92 

0.542E*03 

0.444E*03 

a 

0.2aOE*4J 

«}.A09C‘fl3 

0.S39£»03 

0.9j^E«03 

a.219E*03 

9.293E*02 

4 >ISSE»93 

9.3aaE*03 

a 

0.201E«03 

O.Ag2S*03 

0.3ai£«03 

0 »79a£»93 

9.141E*03 

9.ialC*02 

a.liaE«03 

9.29aC*03 

a 

0.2Q1E<03 

0.A13E*03 

0.552E*03 

a.aj^>E*u3 

9.120£*Q3 

a.IS4£*02 

9.I29E*03 

0.303E*03 

a 

0.1A9E*03 

0.292£«03 

0 •**4€*03 

O.SOOE.UG 

0.434C*92 

a.332E«02 

9.211E*07 

9.153E*07 

a 

0.220E*03 

0.339e*03 

0.2*2C*03 

9.521£«03 

9.12aE*03 

a.321E*02 

a.297E»07 

0.23aE«07 

a 

o.iaAe«03 

a.299e.a3 

0.422e«03 

9 .S<a£«03 

9.4SaE*92 

a.302E«02 

a.2S0E*97 

0.184E.07 

a 

0.221E«03 

0.»a2E*03 

o.a3*£*a3 

9 .340£*03 

0.  I9a£*03 

9.39SE»02 

a.S40E*07 

9.2a4£*07 

a 

0.229E*03 

0.*7a£*03 

9.a49E*03 

a.aNoE'OS 

0.a79C*02 

9.2a2E«42 

0.a7lE»07 

0.302E*07 

a 

0.la3E*03 

o.2aaE*03 

9.«*9E*93 

9.a>i2E.93 

9.344C*02 

9.272E*02 

a.330E*07 

0.247E.07 

a 

0.2iaE*03 

0.3S8C*03 

9.230E*03 

9.Sl4£«03 

0.9a9E402 

o.24ae*o2 

0.207E*07 

0.190C407 

a 

0.l47e*03 

0.297E.03 

9.4:aE'03 

0.aiaE*03 

9.36aE«02 

a.2a2E*02 

a.21SE«07 

0.ia0E*47 

a 

a.l3aE*03 

0.29l£*03 

0.497E*03 

O.So«e*93 

0.233E«03 

0.229E402 

9.122E*08 

9.939E447 

a 

0.21Ae*03 

a.3a2E«03 

0.3!4C*03 

0.94RE403 

o.aaaE*o3 

0.344E*02 

0.1S3E*4a 

0.19ie*08 

a 

o.i3ae*o3 

a.232C<03 

9.422P«03 

0.ai4E*U3 

0.491E*03 

0.373E*02 

0.I72E*08 

0.138E*08 

a 

0.299E*03 

O.A33E«Q3 

9.a80C*03 

9.3Ja£*03 

a.l39E*94 

a.312E402 

0.442E»9a 

0.239£«0R 

a 

0.29aE*43 

0.aa1£*43 

9.a«ep*93 

0.39lE*03 

0.134£»04 

0.329E*92 

0.434£>48 

0.24lE*08 

a 

a.l36E*03 

a.228£*43 

0.410E»93 

0.ST4S£.03 

U.300E«03 

0.ca0E*O2 

0.197E40a 

0.124C*08 

a 

0.212E*03 

0.3a3E*03 

9.34lE.g3 

9.S31E*03 

0.4a9E*93 

9.3a9£«02 

9.127E*0a 

0.123E*9a 

a 

0.137E*03 

0.2a4e.03 

9.«e8E*03 

9 .a^^E^Oi 

9.492£*03 

a.4a4£.02 

9.l97E*oa 

9.i2a£*oa 

a 

0.1*2£*03 

a.2*3E*<)3 

0.413E«93 

9 .SoaExJS 

9.103C«03 

0.2771*02 

0.99a£*07 

0.7al£«47 

a 

0.20aE*03 

|}.A13E*03 

9.2aiE*03 

a.SJsE«03 

9.3S4£.03 

9.377E»02 

9.137E*08 

a.ll2E*04 

a 

0.12AE«43 

0.222£«43 

9.425P.g3 

0.5»7e.03 

0.793E*92 

9.3aSE*42 

a.aa9c*07 

0,0201*07 

a 

0.2AaE*03 

a.4a2E*a3 

9.192E«04 

0.4i7e.03 

O.I3IC*04 

0.472E.02 

0.193E*oa 

0.a73£.07 

a 

a.2aOE*43 

0.47«£.02 

J.11SE*04 

0.4i9£.y3 

0.2a3E»04 

9.S29E«02 

a.33a£«08 

a.iS2£*oa 

a 

0.129E«03 

a.EEac'oa 

0. 4425. 03 

0.ai4£*03 

9.7S3C»02 

9.279£.02 

0.9a6E*07 

0.703C»07 

a 

Q.207E*03 

O.A09E-03 

9.233E*03 

0.53o£*03 

9.349E*03 

9.457E»02 

o.i80E*oa 

0.  i4a£«oa 

a 

0.1*2E«43 

0.2A3E''a3 

0.44aC«03 

9.a43E*03 

0.149E»03 

a.3iaE>02 

0.144E*9a 

9.uiE*oa 

— f.UMI)E<» 

OP  CORRECT  I 

CLaSSIP,  ! 

0# 

NU^M•ER 

OP  ERRONEOLS  CLaSSIP.  : 

9 

percentage  op  SOCCi 

ESS  t 199.00000 

^ ... 

.. 

><eSULTS  FOR  CLASS  1 


CLASSir.: 

01STA6C8S  TO 

CLASSbS: 
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CLASS  1 

CLASS  2 

CLASS  3 

CLASS  * 

CLASS  5 

CLASS  6 

CLASS  7 

CLASS  8 

7 

O.IS«E*03 

0.3488.03 

0.2442*03 

0 .5008*03 

Q.3r3e*03 

0.2618*03 

0.5338 

02 

0.8188*02 

7 

0.I!7£.O3 

0.3S32.03 

0.2408*03 

0. 3602*03 

0.8992*03 

0.2372.03 

0.3172 

02 

0.2098*03 

7 

o.ieoe*03 

0.4128.03 

0.3172*03 

9.5332*03 

0.3182*03 

0.3302*03 

0.3898 

02 

0.7108*02 

7 

0.1S9e*03 

0.4012.03 

0.2272*03 

0.5872*03 

0.1892*03 

0.1652*03 

0.2942 

02 

0.7438*02 

7 

0.19ie*03 

0.4012.03 

0.2238*03 

3*3162*03 

0.1892*03 

0.2062*03 

0.3142 

02 

0.6908*02 

7 

o.ieie*Q3 

0.4198.03 

0.3142*03 

0.3102*03 

0.3842*03 

0.3462*03 

0.2852 

02 

0.6838*02 

7 

o.iS4ie*03 

0.3588.03 

0.2542*03 

3.Sooe*03 

0.3842*03 

0.2702*03 

0.1922 

02 

0.7882*02 

7 

0.1S9e*03 

0.3592.03 

0.2528*03 

0 . 3642*03 

0.8992*03 

0.2362*03 

0.2338 

02 

0.9632*02 

7 

0.227E*03 

0.4562.03 

0.4428*03 

0.7j7e*03 

0.1372*04 

0.4602*03 

0.3228 

02 

0.1192*03 

7 

0.182E«03 

0.5512.03 

0.7608*03 

0 .7902*03 

0.1132*04 

0.6412*03 

0.5268 

02 

0.2432*03 

7 

0.174E*03 

0.5492.03 

0.5888*03 

0.7062*03 

0.6742*03 

0.4622*03 

0.3378 

02 

0.4108*03 

7 

0.222E*03 

0.4068.03 

0.4938*03 

0.9042*03 

0.1082*04 

0.5662*03 

0.4728 

02 

0.3688*03 

7 

0.221E*Q3 

0.4238*03 

0*4788*03 

0.9352*03 

0.1132*04 

0.6502*03 

0.4708 

02 

0.1042*03 

7 

0.172E*03 

0.5262. 03 

0.6058*03 

0.7172*03 

0.6772*03 

0.3628*03 

0.3668 

02 

0.3338*03 

7 

0.181E*03 

0.5342.93 

0.7998*03 

0.7172*03 

0.1042*04 

0.7412.03 

0.5458 

02 

0.8198*03 

7 

0.22Ae*03 

0.4582.03 

0. •*728*03 

0.7542*03 

0.1852*04 

0.4592*03 

0.3468 

02 

0.2348*03 

7 

0.17SE*03 

0.3722.03 

0.3168*03 

0.6002*03 

0.8772*03 

0.3182*03 

0.3538 

02 

0.3398*03 

7 

0.203E*43 

0.3872*03 

0.4038*03 

0.6812*03 

0.8082*03 

3.5232*03 

0.5158 

02 

0.2478*03 

7 

a.ia9E*03 

0.3612.03 

0.2798*03 

0.64«*2*03 

0.3422*03 

0.2452*03 

0.3268 

02 

0.8668*02 

7 

0.19AE*03 

0.4642*03 

0.4638*03 

0*61 02 *03 

0.3682*03 

0.3422*03 

0.4828 

02 

0.1998*03 

7 

0.190E»03 

0.4562*03 

0.4638*03 

0.6392*03 

0.3552*03 

0.3302*03 

0.3228 

02 

0.1478*03 

7 

0.191E<03 

0.3642*03 

0.2878*03 

0.6672*03 

0.3112*03 

0.2132*03 

0.2718 

02 

0.8968*02 

7 

0.202E*03 

0.3832*03 

0.3638*03 

0 .6612*03 

0.1808*03 

0.4162*03 

0.3678 

02 

0.1398*03 

7 

0.177E*03 

0.3752*03 

0.3508*03 

0.6462*03 

0.8738*03 

0.2662*03 

0.3978 

02 

0.2918*03 

7 

0.1942.03 

0.4238*03 

0.6738*03 

0.9642*03 

0.2072*03 

0.9662*02 

0.1348 

02 

0.8298*02 

7 

0.199E.03 

0.4228*03 

0.6568*03 

0.9662*03 

0.8082*03 

0.6622*02 

0.1208 

02 

0.7238*02 

7 

0.1942.03 

0.4192*03 

0.6398*03 

0.9352*03 

0.1942*03 

0.6262*02 

0.1678 

62 

0.8918*02 

7 

0.197E.03 

0.4172*03 

0.6088*03 

0.9382*03 

0.1662*03 

0.3992*02 

0.3072 

02 

0.3908*02 

7 

0.1972.03 

0.4212*03 

0.6158*03 

0.9412*03 

0.1592*03 

0.3292*02 

' -2838 

02 

0.9688*02 

7 

0.1942.03 

0.4192*03 

0.6342*03 

0.9542*03 

0.8082*03 

0.7562*02 

0..86C 

02 

0.8368*02 

7 

0.196E.03 

0.4238*03 

0.6472*03 

0.94**2*03 

0.1882*03 

0.7452*02 

0.9728 

01 

0.9908*02 

7 

0.19SE.03 

0.4152*03 

0.6358*03 

0.9342*03 

0.1942*03 

0.9178*02 

0.1628 

02 

0.6968*02 

7 

0.2038.03 

0.6752*03 

0.4642*03 

0.5172*03 

0.3272*03 

0.4668*03 

0.3718 

02 

0.9388*09 

7 

0.217E.03 

0.3278*03 

0.9338*03 

0.65*2*03 

0.1312*04 

0.9108*03 

0.4698 

02 

0.3428*04 

7 

0.197E.03 

0.5218*03 

0.5628*03 

0.5842*03 

0.4162*03 

0.8918*04 

0.5528 

02 

0.3228*04 

7 

0.172E.03 

0.5642*03 

0.3818*03 

0*4642*03 

0.4292*03 

0.3968*03 

0.S6SE 

02 

0.1208*09 

7 

0.1778.03 

0.5932*03 

0.4468*03 

0.4432*03 

0.3812*03 

0.3168*03 

0.9878 

02 

0.9968*09 

7 

0.1952.03 

0.5298*03 

0.5358*03 

0.4712*03 

0.3932*03 

0.3142*04 

0.5778 

02 

0.6608*04 

7 

0.2188.03 

0.3268*03 

0.8978*03 

0.6432*03 

0.134£.O4 

0.9462*03 

0.4888 

02 

9.3988*04 

7 

0.2048.03 

0.6598*03 

0.4318*03 

0.5062*03 

0.2968*03 

0.4792*03 

0.4298 

02 

0.4238*05 

7 

0.1878.03 

0.4308*03 

0.5978*03 

0 . 7662*03 

0.8692*03 

0.1012*03 

0.4098 

02 

0.8918*03 

7 

0.2142.03 

0.3892*03 

0.4132*03 

0.7692*03 

0.4012*03 

0.9772*02 

0.2838 

02 

0.1878*03 

7 

0.2138.03 

0.3742*03 

0.4752*03 

0.7562*03 

0.8892*03 

0.1062*03 

0.3088 

02 

0.2668*03 

7 

0.1758.03 

0.4312*03 

0.6188*03 

0.7*62*03 

0.6102*03 

0.4612*03 

0.3828 

02 

0.3942*04 

7 

0.1758.03 

0.4278*03 

0.6238*03 

0.7872*03 

0.5132*03 

0.4392*03 

0.2918 

02 

0.2932*04 

7 

0.2148.03 

0.3758*03 

0.4728*03 

0.7842*03 

0.3062*03 

0.1152*03 

0.2842 

02 

0.2602*03 

7 

0.2138.03 

0.3958*03 

0.4508*03 

0.7992*03 

0 .3222*03 

0.6972*02 

0.2432 

02 

9.1592*03 

7 

0.1342.03 

0.4292*03 

0.5528*03 

0.78‘*2*03 

0.2922*03 

0.1372*03 

0.3032 

02 

9.6712*03 

7 

0.1838.03 

0.3818*03 

0.3928*03 

0.6*52*03 

0.2502*03 

0.1702*03 

0.2632 

02 

0.9972*02 

7 

0.2088.03 

0.3992*03 

0.3358*03 

0 .6442*03 

0.1902*03 

0.2762*03 

0.2378 

02 

9.1932*03 

7 

0.1868.03 

0.3508*03 

0.3238*03 

0.6692*03 

0.3762*03 

0.1312*03 

0.1998 

02 

0.1962*03 

7 

0.1858.03 

0.4258*03 

0.4708*03 

0.6662*03 

0.3192*03 

0.2632*03 

0.2768 

02 

0.2762*03 

7 

0.1848.03 

0.4268*03 

0.4518*03 

0.64*2*03 

0.3412*03 

0.2992*03 

0.3088 

02 

0.3892*03 

7 

0.1888.03 

0.3532*03 

0.3318*03 

0.7002*03 

0.3962*03 

0.1192*03 

0.2908 

02 

0.1442*03 

7 

0.2088*03 

0.4028*03 

0.3488*03 

0 .644£*03 

0.1672*03 

0.4062*03 

0.2S5E 

02 

0.1242*03 

7 

0.1838.03 

0,3812*03 

0.3768*03 

0.6772*03 

0.2592*03 

0.1872*03 

0.2628 

02 

0.9242*02 

7 

0.1938.03 

0.3598*03 

0.4128*03 

0.6482*03 

0.2412*03 

0.6652*02 

0.2262 

02 

0.1542*03 

7 

0.1918.03 

0.4232*03 

0.3508*03 

0.6302*03 

0.1132*03 

0.4642*02 

0.2718 

02 

9.1132*03 

7 

0.1828.03 

0.3788*03 

0.4348*03 

0.67*2*03 

0.2172*03 

0.964£.02 

0.2268 

02 

0.2442*03 

7 

0.1858.03 

0.4182*03 

9.4158*03 

0 .7862*03 

0.3382*03 

0.1602*03 

0.2928 

02 

9.1632*03 

7 

0.1878.03 

0.4268*03 

0.4208*03 

0.7862*03 

0.3062*03 

0.1142*03 

0.4412 

02 

9.2112*03 

7 

0.1868.03 

0.3778*03 

0.4-.9e*03 

0.7062*03 

0.2142*03 

0.6552*02 

0.2352 

02 

0.1562*03 

7 

0.1928.03 

0.42*8*03 

0.3758*03 

0 .6672*03 

0.1202*03 

0.5602*02 

0.2978 

02 

0.7932*02 

7 

0.1938.03 

0.3598*03 

0.4028*03 

0.6452*03 

0.2562*03 

0.6662*02 

0.1938 

02 

0.1392*03 

••MUMRCH  or  CORRCCT  CLASS ir.  : a* 

ftUMRCR  or  crroncol'S  class  ir.  > » 
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RESULTS  FOR  CLASS  a 


CLASSIF.: 

distances  to 

CLASSES: 

CLASS  1 

CLASS  2 

CLASS  3 

CLmSS  4 

e 

0.1S9E*03 

U.369£*03 

0. 2842. 03 

0 

.61 1£*03 

e 

0.162E*03 

0.376£«03 

9.302£<03 

0 

.6J1£*03 

e 

0.178E*03 

0.A17E‘03 

0.33i)E*03 

0 

.36uE*03 

a 

0.193E«03 

0.397E*03 

0.2t2E*03 

0 

.5412*03 

a 

0.193E«03 

0.393E*03 

0.2S1E>03 

0 

.53i£*03 

a 

0.iaOE*03 

0.41SE*03 

0.360E*03 

0 

.3422*03 

a 

0.1S9C«03 

0.3olE*03 

0.297C.03 

0 

.e3dE*03 

a 

0.1SaE*03 

0.363E*03 

0.2892*03 

0 

.6Jue*03 

a 

0.22aE*03 

0.447E*03 

0.4S3E*03 

0 

.8042*03 

a 

0.iaSE*03 

0.S4aE*03 

0.d22E*03 

0 

.7712*03 

a 

0.173e*03 

0.522E*03 

0.652F*03 

0 

.7642*03 

a 

0.227E*03 

a.4l2E*03 

0.5!4E*03 

0 

.94AE*03 

a 

0.223E*03 

0.414£*03 

0.533C*03 

0 

.9272*03 

a 

0.173E*03 

0.52SE>03 

0.6eaF*03 

0 

.763E*03 

a 

0.iaSE*03 

0.S61£*03 

0.834E*03 

0 

.776£*03 

a 

0.233E*03 

0.450E*03 

0.433E*03 

0 

.dll£*03 

a 

0.ia7E*03 

0.361E*03 

0.324E*03 

0 

.6322*03 

a 

0.201E*03 

0.4l.3E*03 

0.4*1E*03 

0 

.6322*03 

a 

0.iaSE*03 

0.370E*03 

0.347E*03 

0 

.6632*03 

a 

0.ia9E*03 

0.464C*03 

0.445E*03 

0 

.6372*03 

a 

0.191E*03 

0.466E*03 

0.4daF*03 

0 

.6362*03 

a 

0.187E*03 

0.372£*03 

0.3S4E*03 

0 

.6a72*03 

a 

0.2aiE*03 

0.412E*03 

0.4a*E.03 

0 

.6462*03 

a 

0.1S7E*03 

a.366E«03 

0.338e*03 

0 

.6342*03 

a 

0.197E*03 

O.SaSE'OS 

0.74<9E*03 

0 

.7366*03 

a 

0.22AE*03 

0.3a2£*03 

0.69aE*03 

d 

.9242*03 

a 

0.20aE*03 

0.4S8£*03 

0.S21E*03 

0 

.8322*03 

a 

0.iaOE*03 

0.513E«03 

0.700E*03 

0 

.7402*03 

a 

0.X79E*03 

0.S23E-03 

0.6672*03 

0 

.73'»£*u3 

a 

0.20SE*03 

0.4SSE*03 

0.S0SE*03 

0 

.8322*03 

a 

0.221E«03 

0.37aE*03 

0.739E*03 

0 

.9262*03 

a 

O.I96E*03 

O.S84e*03 

0.75eE*03 

0 

.7e72*03 

a 

0.202E*03 

0.438E*<)3 

0.841F.03 

0 

.1102*04 

a 

0.203E*03 

0.43aE*03 

0.8472*03 

0 

.1112*04 

a 

0.20«e<03 

0.440E*03 

0.84*2*03 

0 

.1112*04 

a 

0.206E*C3 

U.453E»03 

0.8282*03 

0 

.1112*04 

a 

0.206£*03 

0.452£*03 

0.6032*03 

0 

.1092*04 

a 

0.206E*03 

0.4*1E*03 

0.8462*03 

0 

.1112*04 

a 

0.203E*03 

0.437e.03 

3.3202*03 

0 

.1o92*04 

a 

0.203E*03 

0.43Se*03 

0.84SE*03 

0 

.1112*04 

a 

0.ia9E»03 

0.392E*03 

0.464E*03 

0 

.dlJE*03 

d 

0.213E*03 

0.4nE->03 

0.5292*03 

0 

.7792*03 

a 

0.197E«03 

0.379E*03 

0.a38E*03 

0 

.6042*03 

a 

0.197E-03 

U.464e.03 

0.6162*03 

0 

. 7eeE*03 

a 

0.19*E»03 

U.462£*03 

0.S90C*03 

0 

.7402*03 

a 

0.197E»03 

0.3a4£*03 

0.4622*03 

0 

.3292*03 

a 

0.21A£*03 

0.4i6£.03 

0.574E*03 

0 

.827E*03 

a 

0.191E«03 

0.394£.03 

0.4982*03 

■ 0 

.8372*03 

a 

0.187E.03 

0.374E*03 

0.4442*03 

0 

.7762*03 

a 

0.20aE*03 

0.412E*03 

0.4722*03 

0 

.7672*03 

a 

0.191E*03 

0.3&a£*03 

0.**6E*03 

0 

.7792*03 

a 

0.196E*a3 

0.4*5£»03 

0.S46£*03 

0 

.7612*03 

a 

0.19SE*03 

0.4a1E«03 

0.5532*03 

0 

.8102*03 

a 

0.193E*03 

d.373E*03 

0.4682*03 

0 

.6092*03 

a 

0.20aE*03 

0.412E*03 

0.4i>eF*03 

0 

.7792*03 

a 

0.190E*03 

0.379£*03 

0.4782*03 

0 

.7962*03 

a 

0.20S£*a3 

0.442E*o3 

0.6142*03 

0 

.8262*03 

a 

0.199E*03 

0.374£*03 

0.4222*93 

0 

.7602*03 

a 

0.21AE*03 

0.408E*03 

0.4922*03 

0 

.S0oE*03 

a 

0.16aE«33 

0.4l*E«03 

0.5292*03 

u 

.8632*0^ 

a 

0.166E«03 

0.412E*03 

0.5302*03 

0 

.8262*03 

a 

0.21AS*03 

0.4XOE«03 

0.4952*03 

0 

*7942*03 

a 

0.199E*03 

0.373£*03 

0.4142*03 

0 

.7952*03 

a 

0.203E*03 

0.439E*03 

0.S76£*03 

0 

.7612*03 

— NU*»«E9 

OF  CORRECT  ( 

CLASSIF.  : 

64 

number 

OF  ERRONEOUS  CLaSSIF.  : 

0 

PERCENTAaE  Of  _ sue Z ESS t _l 0 O.OOOuw 
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CLASS  5 

CLASS  6 

CLASS  7 

CLASS  8 

0.3662*03 

0.2002*03 

0.1042*03 

0.2582*02 

0.3572*03 

0.1772*03 

0.168E*03 

9.4282*02 

0.3492*03 

0.275E*03 

0.1322*03 

0.3132*02 

0.1302*03 

0.1972*03 

0.5132*02 

0.3492*02 

0.1352*03 

0.1892*03 

0.6822*92 

0.2912*02 

0.3542*03 

3.3002*03 

0.1932*03 

0.3592*02 

0.3832*33 

0.2452*03 

0.1262*03 

0.3032*02 

0.3822*03 

0.2142*03 

0.1232*03 

0.4012*02 

0.1112*04 

0.3792*03 

0.5322*02 

0.4542*02 

0.9322*03 

0.6842*03 

0.1732*03 

0.4342*02 

0.7962*03 

0.3732*03 

0.1142*03 

0.3822*02 

0.9662*03 

0.4662*03 

0.6682*02 

0.3232*02 

0.9102*03 

0.4122*03 

0.4422*02 

0.3932*02 

0.8852*03 

0.4162*03 

0.2082*03 

0.4602*02 

0.1112*04 

0.8122*03 

0.2992*03 

0.4312*02 

0.1282*04 

0.4392*03 

0.8172*02 

0.4292*02 

0.4352*03 

0.2732*03 

0.1032*03 

0.3162*02 

0.1572*03 

0.297E*03 

0.1192*03 

0.3322*02 

0.4762*03 

0.2582*03 

0.1142*03 

0.2752*02 

0.4012*03 

0.2112*03 

0.1262*03 

0.3232*02 

0.4042*03 

0.2272*03 

0.1502*03 

0.2782*02 

0.4712*03 

0.192E*03 

0.8442*02 

0.3022*02 

0.1652*03 

0.3312*03 

0.1372*03 

0.2422*02 

0.4002*03 

0.2652*03 

0.1012*03 

0.2842*02 

0.3172*03 

0.2512*03 

0.3492*03 

0.4752*02 

0.6532*03 

0.3432*03 

0.1582*03 

0.4342*02 

0.286E*03 

0.6012*03 

0.3682*03 

0.5662*02 

0.3892*03 

0.191E*03 

0.7862*02 

0.2722*02 

0.4022*03 

0.2232*03 

0.7562*02 

0.4442*02 

0.2862*03 

0.7552*03 

0.4292*03 

0.53SE*02 

0.5292*03 

0.2492*03 

0.7562*02 

0.5432*02 

0.4352*03 

0.3542*03 

0.6032*03 

0.5292*02 

0.2072*03 

0.4742*02 

0.7622*02 

0.1322*02 

0.2022*03 

0.4302*02 

0.6892*02 

0.1212*02 

0.2052*03 

0.6312*02 

0.7312*02 

0.2342*02 

0.1912*03 

0.5312*02 

0.8112*02 

0.1952*02 

0.1852*03 

0.4822*02 

0.7262*02 

0.1962*02 

0.1952*03 

0.6182*02 

0.6552*02 

0.3072*02 

0.1882*03 

0.4042*02 

0.9242*02 

0.1472*02 

0.2052*03 

0.4452*02 

0.6822*02 

0.1592*02 

0.2552*03 

0.2892*03 

0.7672*02 

0.3392*02 

0.1922*03 

0.410E*03 

0.9852*02 

0.3832*02 

0.3472*03 

0.1722*03 

0.5882*02 

0.2022*02 

0.4312*03 

0.3592*03 

0.1382*03 

0.29<.£*02 

0.4642*03 

0.420E*03 

0.1572*03 

0.2882*02 

0.3082*03 

0.1582*03 

0.6692*02 

0.2362*02 

0.2122*03 

0.3962*03 

0.1182*03 

0.1982*02 

0.2402*03 

0.2682*03 

■ 0.7352*02 

0.2582*02 

0.1832*03 

0.1502*03 

0.2252*03 

0.3812*02 

0.1572*03 

0.1812*03 

0.2612*03 

0.2542*02 

0.2232*03 

0.6732*02 

0.1402*03 

0.2832*02 

0.3362*03 

0.2232*03 

0.7602*03 

0.5512*02 

0.3172*03 

0.1852*03 

0.2212*03 

0.3692*02 

0.2082*03 

0.5562*02 

0.2322*03 

0.3372*02 

0.1562*03 

0.1662*03 

0.2562*03 

0.3392*02 

0.1682*03 

0.9872*02 

0.9382*02 

0.3112*02 

0.2602*03 

0.1782*03 

0.5842*03 

0.3152*02 

0.3522*03 

0.1482*03 

0.9312*02 

0.3062*02 

0.1822*93 

0.2432*03 

0.1702*03 

0.2432*02 

0.4932*03 

0.123E*03 

0.7182*03 

0.3332*02 

0.5132*03 

0.1382*03 

0.6172*03 

0.321E*02 

0.1902*03 

0.2882*03 

0.3562*03 

0.336E*02 

0.3882*03 

0.1912*03 

0.1222*03 

0.2662*02 

0.2342*03 

0.1622*03 

0.4272*03 

0.3252*02 

